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ON THE ESTIMATION OF GLUCOSE IN THE PRESENCE 
OF PHOSPHATE BUFFERS. 


By MAURICE B. VISSCHER.* 


(From the Department of Physiology, University of Minnesota, Minneapolis.) 
(Received for publication, December 22, 1925.) 


During the course of some experiments upon the enzymotic 
hydrolysis of glycogen it was found that the copper equivalent 
of glucose in different buffer mixtures varied considerably. Since 
buffered solutions are used in most enzyme studies it is important 
to call the attention of investigators to the error that may arise 
from the failure to take the fact mentioned here into account. 

A series of experiments was performed in which estimations 
were made of the amount of cupr:e salt reduced by a standard 
amount of glucose in the presence of different proportions of di- 
acid and dibasic phosphates. The amount of copper reduced 
was estimated by one of the iodometric methods of Shaffer and 
Hartmann.! Their macro method for cuprous copper estimation 
by thiosulfate titration of the excess iodine used to reoxidize the 
copper, was used. This gives the thiosulfate equivalent of glu- 
cose under the conditions studied. 

In each case 10 ec. of 0.1 per cent glucose and 10 ce. of the Shaf- 
fer-Hartmann copper solution were used. To this solution was 
added a total of 10 cc. of 0.2 molar phosphate mixture containing 
varying proportions of the diacid and dibasic phosphates as indi- 
cated in Table I, where the results of the estimations are shown. 

It is found that the presence of the larger quantities of potas- 
sium diacid phosphate interferes with the reduction of copper by 
glucose. There is a 20 per cent difference between the reducing 
power of glucose in the presence of the smallest and the largest 
amount of acid phosphate used in these experiments. The Shaf- 


* Fellow in the Medical Sciences of the National Research Council. 
1 Shaffer, P. A., and Hartmann, A. F., J. Biol. Chem., 1921, xlv, 365. 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. LXIX, NO. 1 


2 Estimation of Glucose 
fer-Hartmann method is accurate to within 1 per cent with pure 
solutions of glucose, therefore an error that may amount to 20 per 
cent of the total value is of importance to recognize. 

TABLE 1. 


Influence of Different Proportions of Potassium Dihydrogen and Disodium 
Hydrogen Phosphates upon the Reduction of Copper by Glucose. 


10 mg. glucose used in each case. Heated 30 min. in a boiling water bath. 


0.2 m acid phosphate added, cc. | 9.75 | 8.0 | 6.0 | 4.0 | 2.0 | 0.5 
0.2 basic 0.25} 2.0 | 4.0 | 6.0 | 8.0 | 9.5 
Thiosulfate equivalent of 10 mg. 

8.18 | 9.50 | 9.70 |10.10 {10.10 {10.30 
Thiosulfate equivalent of 1 mg. 

I icséicansccsteaveea'’s 0.82 | 0.95 | 0.97 | 1.01 | 1.01 | 1.03 
Glucose equivalent of 1 cc. of 

thiosulfate, mg..................] 1.20 | 1.05 | 1.03 | 0.99 | 0.99 | 0.97 

SUMMARY. 


It is pointed out that the presence of potassium acid phos- 
phate in glucose solutions lowers the reducing power of the glu- 


cose for copper. 


the sugar content of buffered solutions is measured. 


This fact must be taken into account whenever 
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ON THE OPTIMUM pH FOR GLYCOGENASE ACTION AND 
ITS BEARING UPON THE REGULATION OF THE 
GLUCOSE LEVEL IN THE BODY. 


By MAURICE B. VISSCHER.* 
(From the Department of Physiology, University of Minnesota, Minneapolis.) 


(Received for publication, December 22, 1925.) 


One of the most interesting properties of glycogenase from the 
point of view of its usefulness in animal economy is the dependence 
of its rate of action upon the hydrogen ion concentration of the 
medium in which it acts. This property makes it possible for 
the rate of its action to be altered under physiological conditions, 
and thus it is possible for the animal organism to alter the rate 
of breakdown and storage of glycogen, regulating the level of 
glucose in the body fluids. 

It is the finding of numerous investigators (Sérensen (1909), 
de Coninck and Raynaud (1911), Macquenne and Roux (1906), 
Norris (1913), Sherman and Thomas (1915), Langfeldt (1921), 
Fabre and Penau (1923), Rona and Van Eweyck (1924), and 
others) that the optimum hydrogen ion concentration for the 
action of all amylases is between pH 6.0 and pH 6.8. The loca- 
tion of the optimum reaction on the acid side of neutrality seems 
to be of significance in explaining the increased glycogenolysis in 
animals when the acid-base equilibrium of the body fluids is 
shifted in the direction of a lower pH. Langfeldt (1921) cast 
doubt upon the possibility of such a mechanism by presenting 
results indicating that the optimum pH for liver amylase in the 
presence of adrenalin, or adrenalin and thyroxin, was shifted far 
to the alkaline side of neutrality. It would follow as a logical 
necessity from Langfeldt’s results that an increase in pH in the 
body fluids would cause increased glycogenolysis, and, if uncom- 
plicated by other factors, would cause a hyperglycemia. A de- 
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4 pH for Glycogenase Action 


crease in pH would, on the same grounds, decrease the rate of 
glucose production. 

It becomes of importance to study more carefully the effect of 
adrenalin upon the optimum pH for amylase action since previous 
experiments are open to the following objections: First, no ac- 
count has been taken of the effect of the buffer used upon the 
reducing power of glucose, which, as has been pointed out earlier 
(Visscher, 1926) may be responsible for very large differences. 
This will have been the more marked because account was not 
taken of the reducing substance present as an impurity in the 
enzyme preparation. Second, starch has been employed instead 
of glycogen as a substrate for the amylase. Third, a single type 
of enzyme preparation, involving toluene extraction and drying 
has been used, and it is conceivable that an amylase prepared by 
another method would behave differently. Therefore experi- 
ments have been performed in which these factors have been 
controlled. 


Methods. 


Amylase was prepared from rabbit livers by grinding the latter 
finely immediately upon killing an animal by a blow upon the 
head. The ground tissue was extracted with three volumes of 
a mixture of equal parts of glycerol and chloroform water at 
20°C. for 5 hours. It was filtered under suction and the filtrate 
preserved on ice. The enzyme was allowed to act upon a Kahl- 
baum preparation of glycogen at 40.0°C., maintained constant 
to within 0.2°C. ; 

A constant quantity, 20 mg. of glycogen in 0.1 per cent solu- 
tion, was taken in each of twenty small flasks for each experi- 
ment. To each of these was added 10 ce. of phosphate buffer 
of one of five hydrogen ion concentrations. ‘Thus there were 
four flasks at each hydrogen ion concentration. To each was 
added 1 cc. of the enzyme preparation. To half of the flasks 
(two sets of H ion concentrations) 1 ec. of 1:3000 adrenaline was 
added. The reducing powers of one set of flasks with adrenalin, 
and one set without, were determined immediately, and the other 
two sets were maintained at 40°C. for 8 hours, at the end of which 
their reducing powers were determined. The differences in re- 
ducing power of similar flasks, expressed as glucose, are the values 
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given in the figures. The Shaffer-Hartmann (1921) method for 
glucose estimation was used. In estimating glucose with vari- 
able amounts of acid phosphate present account was taken of the 
fact previously pointed out (Visscher, 1926) that the larger the 
quantity of acid phosphate present, the less the reducing power 
of glucose. Therefore known amounts of glucose were esti- 
mated in the presence of the same concentrations of acid phos- 
phate as were used in these experiments and correction figures 
obtained which were applied in calculating the quantity of glu- 
cose formed by the glycogenase. The magnitude of the correc- 
tion is +25 per cent for the most acid solutions used, and 0 per 
cent for the most alkaline. 

Results —The optimum hydrogen ion concentration for glyco- 
genase action is found to be at or near pH 6.5. Moreover, in no 
case is adrenalin found to shift the optimum pH to the alkaline 
side of neutrality, or even significantly in the direction of a greater 
pH. Adrenalin is found to increase the activity most at the 
optimum pH. Figs. 1 and 2 give the results of two typical ex- 
periments. 


DISCUSSION OF RESULTS. 


The results obtained are in agreement with the known fact 
that conditions, such as ether anesthesia and asphyxia, in which 
the pH of the tissues decreases, produce a hyperglycemia and a 
depletion of the glycogen store of the body. Such an effect would 
be entirely unintelligible on the basis of Landfeldt’s conclusions. 
His experimental findings cannot be corroborated when glycogen 
is used instead of starch, when a more direct method of preparing 
the glycogenase is used, and when the change in reducing power 
of glucose resulting from the presence of a buffer is taken into 
account. 


SUMMARY. 


1. The optimum hydrogen ion concentration for the action of 
glycogenase in phosphate buffer is found to be at or near pH 6.5. 

2. The presence of adrenalin is found not to shift the position 
of the optimum hydrogen ion concentration for glycogenase.} 


1 Since writing this note I have been informed by Dr. Mann, of the Re- 
search Staff of Maudsley Hospital, London, that he has performed experi- 
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BLOOD SUGAR STUDIES. 
Il. THE INITIAL RISE. 
By JOSEPH C. BOCK, HANS SCHNEIDER, anp MAX GILBERT. 


(From the Department of Physiological Chemistry, Marquette University 
Medical School, Milwaukee.) 


(Received for publication, May 6, 1926.) 
INTRODUCTION, 


In a study of postprandial hyperglycemia presented in a recent 
publication (1), the experimental conditions did not permit a 
detailed investigation of the initial rise of the blood sugar. 

We find in the older literature on this subject that blood samples 
were taken usually not less than | hour after the ingestion of the 
glucose. Baudouin (2), Frank (3), and Bing and Jakobsen (4) 
find a rise in 1 hour. Bang (5) in| reviewing the literature con- 
cludes that 100 gm. of glucose cause an insignificant rise in man. 
Jacobson (6), Bergmark (7), Graham (8), and Sakaguchi (9) 
have detected an increase in the blood sugar concentration in some 
of their cases as early as 10 minutes after the introduction of 
glucose per os. 


Procedure. 


In the present work, the blood samples were taken at intervals 
of approximately 3 minutes. The samples were weighed and 
analyzed as described in a previous paper by Gilbert and Bock 
(10). On the average about twenty-two samples were taken from 
one individual during the experimental period of 1 hour. When 
samples are taken at intervals of 4 minutes or more, one person 
can handle the work alone. When the time intervals are as short 
as those in the present investigation (J. B. H., six samples in 10 
minutes), it is necessary to have one worker attend to the sampling, 
weighing, and rinsing of the tubes, while another records the time 
and weights and attends to the handling of the blood lancet. 
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10 Blood Sugar Studies. II 


The subjects were apparently healthy medical students. They 
were on a normal diet preceding the experiment and their urine 
was examined for sugar. All samples gave negative tests. The 
last meal was taken the evening before the start of the experiment. 
The amount of glucose given was dependent on the body weight 
(1.75 gm. of glucose per kilo of body weight). The subject was 
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CuartTl. G. M.H., age 22 years, weight 125 pounds. 100 gm. glucose 
in 400 ml. HO given at 37°C. Urine negative. 

G. F. C., age 21 years, weight 165 pounds. 131 gm. glucose in 400 ml. 
H.O given at 20°C. Urine negative. 

W. L. S., age 27 years, weight 153 pounds. 122 gm. glucose in 400 ml. 
H.0 given at 37°C. Urine negative. 


kept at rest as much as possible before and during the test. Speci- 
mens of urine were collected and tested for sugar with Benedict 
qualitative reagent. 

The results are presented in the form of charts by coordinates 
(abscissa, time; ordinate, per cent). The time at which the subject 
started drinking the sugar solution is designated as 0. It took 
from 15 to 30 seconds to empty the beaker. From two to four 
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samples of blood were taken before the ingestion of the glucose 
and thereafter in 2 to 4 minute intervals for a period cf about 40 
minutes. The first blood sample after drinking the glucose solu- 
tion was taken 1 or 2 minutes after 0. 
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Cuart2. M. E. R., age 20 years, weight 169 pounds. 135 gm. glucose 
in 400 ml. H.O given at 37°C. Urine negative. 

C. 8S. 8., age 20 years, weight 148 pounds. 113 gm. glucose in 300 ml. 
H,0 given at 17°C., plus 1 gm. citric acid as flavoring. Urine negative. 


DISCUSSION OF RESULTS. 


The results show an immediate response to the sugar entering 
the organism. With the exception of one experiment (P. J. P., 
Chart 3), the ascending tendency of the curve is apparent within 
3 to 5 minutes. A slight drop before the rise is observed in two 
cases (G. M. H., Chart 1, and J. B. H., Chart 4). Within the first 
10 minutes the increase is from 20 mg. to 45 mg. above the fasting 
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Cuart 3. C. C. G., age 21 years, weight 165 pounds. 135 gm. glucose 
in 400 ml. H.O, plus 2 gm. citric acid as flavoring, given at 37°C. Urine 
negative. 

P. J. P., age 22 years, weight 145 pounds. 116 gm. glucose in 300 ml. “4 
H.O given at 37°C. Urine negative. 

C. R. M., age 20 years, weight 147 pounds, 120 gm. glucose in 400 ml. 
H,O given at room temperature. Urine negative. 
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Cuart 4. J. B. H., age 21 years, weight 165 pounds. 131 gm. glucose 
in 350 ml. H,O given at 37°C. In the first experiment 1 gm. citric acid was 
added as flavoring. Urine negative. 

12 | 


| | | | 
| | =. | + | 
OF 
| | | | | 
0 130 4 


13 


J. C. Bock, H. Schneider, and M. Gilbert 


Oh 07 o os ul 0s 01 QO Oe 


T T T T T T T T | 060.0 


001.0 


011.0 


0¢1.0 


041.0 


091.0 
q 


| 
i 


081.0 


061.0 


La 
-* 


002.0 


017.0 


i 


‘ 027.0 


047.0 


an 


4 


ae | 
| | Fa 
| 
7 | 
| 
| 
| | 
| | | | | | 
| | | | 
| | | | | 
| | | 
| | | 
\ | | | 
| 
| 


14 Blood Sugar Studies. II 


level. In two of the caxes a rise of 30 mg. and 40 mg., respectively, 
occurs within the first 5 minutes (G. M. H. and W. L. 8., Chart 1). 
In the case of W. L. S. this gain amounts to 75 per cent of the total 
rise. 

The mean time in which the blood sugar attains its first maxi- 
mum peak was found to be 34 minutes, the shortest time was 20 
minutes, the longest period 54.minutes. An analysis of the graphs 
represented in Chart 1 shows an average increase of 67 mg. in 28 
minutes. In Chart 2 this rise is 105 mg. in 37 minutes, the ratio 
being 2.4:1 and 2.8:1 respectively. A much slower ascension is 
observed in the curves presented in Charts 3 and 4, the ratio being 


Per Cent 
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Cuart 6. J. H., age 21 years, weight 183 pounds. Stomach empty, 
nothing given. Urine negative. 

C. D. J., age 23 years, weight 150 pounds. Stomach empty, nothing 
given. Urine negative. Subject very nervous. 


1.8:1. Chart 5 shows a very rapid rise, the average ratio being 
4:1. In all the cases presented in Charts 1, 2, 3, and 4, no glyco- 
suria occurred, whereas in the case of M. G. 8. (Chart 5) sugar was 
found in the urine in both experiments. M.G.S8. did not show any 
glycosuria before and after the experimental periods. His kidney 
function (Mosenthal test) is normal. 

The double experiments presented in Charts 4 and 5 were per- 
formed on the same respective individuals (J. B. H. and M. G. 8.) 
at intervals of about 4 weeks. The configurations of the curves 
in each set are almost identical. 

Chart 6 presents the variations in the blood sugar concentra- 
tion of two fasting subjects. Discounting the first 5 minutes 
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(excitement), we find that the graph of J. H. is within the limits 
of the variations observed in our previous experiments (1) (0.01 
per cent of the blood sugar concentration). The curve of C. D. J. 
shows fluctuations twice that amplitude. C. D. J. isa very nerv- 
ous individual. About 5 weeks after the experiment was per- 
formed he had to discontinue his studies, suffering from a nervous 
breakdown. 


CONCLUSIONS. 


The time element in the study of hyperglycemia has received 
comparatively little consideration. In the discussion of this topic 
Abderhalden states:! Through the influx of large amounts of 
glucose, the intestine is supplied with a great quantity of an as- 
similable carbohydrate. First the portal vein provides the liver 
cells with larger amounts of sugar than before. The cells form 
glycogen, but cannot keep pace with the glucose influx. Much 
glucose enters the large circulation. All body cells help to take 
care of the glucose, but they also fall behind. The glucose re- 
mains high. 

From the results obtained in the present experiments, we are led 
to believe that the response of the glycogenic function to the influx 
of glucose is not an immediate, nor a very powerful one. The 
reaction of the body to the increased sugar in the circulation is 
comparatively slow, otherwise the rise in the blood sugar con- 
centration could not start within such a short period and be so 
rapid. The amount of sugar that enters the intestine in a given 
time is not known. It is therefore impossible to establish any 
exact relation as to quantity and time. There is a possibility 
that the blood sugar must rise to a certain point, variable with the 
individual, before a stimulation occurs. 

We have observed that individuals who are rather fond of sweets 
show a more gradual rise than others. This would point to a gly- 
cogenic function capable of a quicker response. However, the 
evidence is statistical and we mention this observation merely in 
order to call it to the attention of others for possible further 
investigation. 


1 Translation. 
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SUMMARY. 


The initial rise in the blood sugar concentration has been de- ) 
tected as early as 3 minutes following the ingestion of about 110 
gm. of glucose in solution. 


We wish to thank the donors in this work for their kindness in 
submitting themselves for the experiments. 
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THE EFFECT OF LIGHT ON CREATININE AND CREATINE 
EXCRETION AND BASAL METABOLISM.* 


By MARIETTA EICHELBERGER. 


(From the Nutrition Laboratory of the Department of Home Economics of the 
University of Chicago, Chicago.) 


(Received for publication, December 14, 1925.) 


The object of this investigation was twofold: to determine the 
effect of light on the hourly excretion of creatinine and creatine 
in the urine, and to determine the effect of light on basal 
metabolism. 


Part I. Creatinine and Creatine. 
LITERATURE. 


Thus far, Hoogenhuyze and Best (1) have been the only investigators 
found who have worked on the influence of light on the formation of creati- 
nine. The light which they used was from 88 incandescent lamps of 16 
candle power each, placed along the four sides of a wooden cabinet lined 
with zinc. The subject was placed in the cabinet for } hour with only his 
head out of the opening at the top. The temperature of the interior of the 
cabinet, when closed, varied from 40-50°C. but could be reduced to35° or 36°C. 
by opening one of the sides and fanning the air vigorously. Light exposures 
for 4 hour with and without heat increased the creatinine excretion, but 
when the light was intercepted by sheets of asbestos, the temperature 
remaining the same, the creatinine was either not increased at all or in- 
creased to only a slight extent. Averages of their figures show an excretion 
before light exposure of 1.488 gm. of creatinine, apparently for the 24 hours, 
as compared with 1.767 gm. with light at a temperature of 50°C. Without 
light, but with the same temperature, 50°C., the excretion became 1.550 gm. 
per 24 hours as against 1.807 gm. with cooled light. It is to be regretted that 
they did not give more details of their work. 

In the above experiments the whole body was exposed to the light rays, 
but later these same workers sought to find whether there was any influence 


* This paper is constructed from the dissertation submitted by Marietta 
Fichelberger to the Faculty of the Ogden Graduate School of Science in 
candidacy for the Degree of Doctor of Philosophy in Home Economics, 
September, 1925. 
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from the exposure of only a part of the body to the Roentgen rays. They 
used instead of normal individuals, two patients afflicted with Banti’s 
disease, two with leukemia, and two with sarcoma of the thigh, and exposed 
the afflicted parts of the bodies to the radiation. They give no figures of 
their results but state that after the exposure the total quantity of creati- 
nine was increased, and when there was any creatine in the urine this was 
diminished after the exposure. 

In still later experiments with two individuals, after 3 days on a creati- 
nine-creatine-free diet, the average 24 hour creatinine excretion was 0.876 
gm. for one patient and 0.954 gm. for the other. Creatine was not found. 
After 2 days exposure to the sun the figures were 0.989 for the former and 
1.106 for the latter. They cite especially the fact that the creatinine im- 
mediately made a small jump and afterward remained practically constant 
for the duration of the experiment (4 weeks). 


EXPERIMENTAL. 


Sources of Light.—The sources of light used in these investiga- 
tions were sunlight and a carbon are known as the ‘‘Pan Ray Arc’”’ 
manufactured by the Atlas Electric Devices Company, Chicago.! — 
This lamp is of the flame type burning with an inch and a half 
to a 2 inch are and running on a potential of 110 volts with a direct 
or alternating current of 32 amperes. The white flame carbons 
used are impregnated with rare earth fluorides, 25 per cent of which 
is cerlum. These carbons give a spectrum rich in ultra-violet. 
The spectrophotograph’? shows very bright lines in the region of 
247 to 253uy, only weak ones from 279 to 28lyuu, and an abundance 
from 288 to 

The richness of this light in ultra-violet radiation from 290up 
to much longer wave-lengths makes the spectrum from this carbon 
are similar to that obtained from the sun which has a short wave- 
length limit of 29luu, but in addition it contains an abundance 
of shorter wave-lengths. 

General Procedure.—The creatinine and creatine determinations 
were made on normal women during the morning hours after their 


1 Special acknowledgment is made to the Atlas Electric Devices Com- 
pany of Chicago for the use of the Pan Ray Are. For the kindness of this 
loan, the gift of carbons, and cooperation of Mr. H. 8S. Thayer in the oper- 
ating of the lamp, the author wishes to express her indebtedness and most 
sincere appreciation. 

2 The author is indebted to Mr. V. D. Snyder for making the spectro- 
photograph. 
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customary breakfasts and while engaged in the usual activities 
connected with laboratory work. Two young girls, aged 10 and 
11 respectively, also acted as subjects. Many of the determina- 
tions were on one subject, M. E., thus more easily eliminating 
variables than with one experiment each on a number of people. 
These individuals were not restricted in diet as breakfast only was 
involved and that varied little in one individual from day to day. 

The subjects were exposed to the sunlight for 1 hour during the 
summer and early autumn months, June, July, August, September, 
and October, and to the carbon are for 50 minutes at a distance 
of 6 to 7 feet during the winter months, December, January, 
February, and March. All irradiations were given in the morning 
hours between 9 and 11. The exposures to the sun were made on 
a roof free from all shadows, while those to the carbon arc were 
made within a small adequately heated metabolism laboratory. 

Subjects exposed to the sun wore ordinary summer underclothes 
and a thin white voile dress with a rather low neck and usually 
with short sleeves. Later when artificial light was substituted for 
sunlight, the subject wore only light underwear, leaving the arms 
and shoulders bare. But for this change and that of the longer 
urine collection period after exposure, the procedure was the same 
as it was for the sunlight irradiation. 

Erythema was more marked after exposure to the carbon are 
than to the sun, but even with the artificial light did not occur for 
1 or 2 hours. M. E. found that after several successive days of 
irradiation the erythema became less severe and gradual bronzing 
took place. M. C. and M. M. who were exposed only on single 
isolated days noticed practically no pigmentation. 

The bladder was emptied 1 hour after breakfast and thereafter 
hourly collections of urine were made and analyzed for creatinine 
and creatine. Collections were made for 1 or 2 hours before ex- 
posure to the sun and from 2 to 5 hours afterward. 

The determination of creatinine and creatine by the Folin (2) 
method was first carried out on a known solution of creatinine and 
creatine containing 1 mg. of creatinine and 0.2 mg. of creatine. 
Upon analysis an average of 1.19 mg. of total creatinine was 
accounted for, with a range in six experiments of from 1.19 to 
1.21 mg. ? 

The creatinine and creatine used for this preliminary work and 
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for the standard was obtained from the Special Chemicals Com- 
pany, Highland Park, Illinois. 

The creatine was determined in hourly samples of urine collected 
for the creatinine determinations by Folin’s (2) method, using a 
250 ec. Pyrex Erlenmeyer flask, distilled water instead of the tap 
water as suggested by Folin, and boiling till concentrated to 20 gm. 

The data obtained are given in the tables showing creatinine 
determinations. 

DISCUSSION, 


Creatinine-—In 38 creatinine determinations on samples of 
urine collected directly after an hour of sunlight irradiation, and 
in 18 determinations on similar samples from carbon are light 
exposure, it was found in every case that the excretion of creatinine 
was higher for the hour of exposure than for the hour following. 
In some cases, but not in all, it was also higher than for the pre- 
ceding hour; that is, the irradiation hour showed a peak in creati- 
nine excretion. ‘This was true when the preceding hour was spent 
quietly working (standing or sitting) in the laboratory, but not 
always when it was spent in exercise. [ven as little as a brisk 15 
minute walk during the hour previous to the irradiation, or just 
before, had as much effect on increasing the creatinine as had the 
irradiation, or even more. ‘This increase has already been shown 
by Schulz (3), McLaughlin and Blunt (4), and others. 

The results obtained are presented in Tables] to IV. In Tables 
I and II are included those results obtained from the exposure to 
sunlight and the carbon are when the irradiation hour was preceded 
by 1 or 2 non-exercise hours. With some of the cases, collection 
of urine was begun to include an earlier exercise period so that the 
latter cases of these tables show both an exercise and an irradiation 
peak. 

With the carbon are light the diminution of creatinine after 
irradiation was always present, but the increased excretion for the 
period of irradiation over the previous hour was not as pronounced 
as it had been with sunlight. This may have been due to the fact 
that the period of exposure was 10 minutes shorter for the carbon 
are light than for the sunlight, or to the lesser intensity of this 
artificial light in spite of its more intense heat at so close range, or 
to qualitative differences in the two spectra. 
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Tables III and LV show the effects of irradiation by meansof sun- 
light and the carbon are respectively directly after exercise. 
™ The decreased excretion of creatinine usually lasted for at least 
2 to 4 hours after irradiation. In the case of sunlight, the observa- 


TABLE I. 
Irradiation by Sunlight Preceded by Non-Erercise Period. 


of variations of: 
3 3 
Light period over | Light period over 
fore period, after period. 2 
Subject. = 3 
mq. ma mg my. mad. my. mg. 
M. M....... 5 | 7.2 | 1.8 |] 63 1.5 | 35.6 | 43.1 | 37.2 
3 3.9 5.8 —0.9 | 44.8 47.4 42.9 
i. ee 3 4.2 1.6 10.0 —5.5 | 43.3 46.7 39.4 
ae 3 4.5 1.2 5.2 3.0 | 21.7 | 24.7 20.9 
Dorothy. .. 2 3.0 0.7 4.2 4.1 | 24.6 | 26.5 | 22.2 
TABLE II. 
Irradiation by Carbon Arc Preceded by Non-Exercise Period. 
Extremes of variations of: 
3 
Light period over! Light period over| 
fore period. after period. 
= = = = < < 
mg. my. mg mg. mg mg mg. 
4 3.7 —0O.1 8.7 51.6 93.6 48. ] 
|) ee 1 3.4 3.4 6.8 6.8 48.7 52.1 45.3 
1 5.0 | 5.0 4.0 | 4.0 | 42.3 47.3 l 


tions were not continued past the period of decreased creatinine 
excretion, but after exposures to the carbon are observations were 
made till the creatinine excretion returned to the normal level. 
This time required from 3 to 5 hours. ‘That is, irradiation caused 
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an immediate increased excretion of creatinine for that hour of 
exposure and a definite decreased excretion which persisted for { 
3 to 4 hours and then returned to the level observed before 
irradiation. 

When the experiments were repeated on the subjects indoors, 


TABLE IIL. 
Irradiation by Sunlight Preceded by Exercise Period. 
Extremes of variations of: : 
E Light period over | Light period over 
fore period. after period. 
Subject. E = 3 
mg. mg. mg mg. mg. mg. mg. 
Dy Misses. 10 12.6 | —5.2 | 14.6 2.1 | 46.5 | 52.2 | 42.3 
Ree 1 0.2 0.31 3.3 3.1 | 24.0 | 24.2 | 21.1 
Dorothy....| 2 {|-—0.5 | —1.7| 3.0 2.5 | 26.1 | 25.8 | 24.2 
TABLE IV. 
Irradiation by Carbon Arc Preceded by Exercise Period. 
Extremes of variations of: ‘i 
2 3 
Light period Light period 
“fore period. | afterpeiod. | & 
Subject. 
= = = < < < 
mg. mg. mg. mg. mg. mg. mg 
| Seen 9 2.7| —2.8] 6.8 0.7 | 53.2 | 53.6 | 49.9 
SS res 1 —1.8; —1.8]| 3.9 3.9 | 52.7 | 51.5 | 44.1 
1 —1.9| -1.9; 3.9 3.9 | 42.3 | 40.4 | 38.9 


or in the shade outdoors, on a day of similar temperature to that 
of the sunlight exposure, no such increased creatinine excretion 
was observed but rather a constant excretion for the morning hours 
under observation. 

The results suggest a close parallelism to those obtained by 
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Fontés and Yovanovitch (5). These investigators found that the 
total nitrogen eliminated was greater in a light room than in a dark 
room. They gave an average total nitrogen excretion for a period 
of 6 hours as 3.77 gm. when the subject was awake in the dark. 
When the subject was awake in the light the average excretion 
became 5.33 gm. for this period. In the same way, the excretion 
of nitrogen was 3.83 gm. when the subject was asleep in the dark 
and 4.73 gm. when he was asleep in the light. Thus it is they 
conclude that the absence of light is evidently responsible for the 
diminished nitrogen metabolism in sleep. 

During the months of September and October and also during 
the latter part of August, irradiation by the sun caused little or no 
effect on the creatinine excretion. These observations are re- 
corded in Table V. 


TABLE V. 
Irradiation by Autumn Sunlight. 
Extremes of variations of: : 
3 3 
om Light period over | Light period over be es 
g fore period. after period. 
a 
Subject. E 2 
Z. = = = = < < < 
mg. mg. mg. mg. mg. mg. mg. 
oe 9 1.8; —5.3 | 5.8 —1.6 48.1 46.9 | 44.8 


Dorno (6) and Hess (7) have brought out the fact that the ultra- 
violet content of the sun in the region of 295 to 313uyu is greatest 
during the-morning hours of the summer months, June, July, and 
August, reaching a maximum in July. Inasmuch as some of the 
September days were as hot as the summer days and even more 
humid, it is evident that heat was not the causative factor in this 
increased excretion followed by a decreased excretion of creatinine, 
but rather the quality of light emitted during these months. 

Creatine.—Creatine was found to be excreted by all three women 
all the time except during two periods by E. N. With M. E., 
on whom most of the determinations were made, the creatine 
ranged from 0.7 to 11.5 mg. per hour. The continuous excretion 
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of creatine observed by McLaughlin and Blunt (4) in their women 
is thus paralleled. These investigators do not attempt to give 
any reason for the constantly occurring creatine, but they do say 
that perhaps as suggested by Howe, Mattill, and Hawk (8) these 
relative high creatine values were caused by the unusual large 
quantities of water taken in hourly (200 cc.). In our experiments 
the intake of water was reduced to 100 cc. per hour and still the 
rather high and continuous excretion persisted. Nor is it probable 
that this constant excretion of creatine was due to strain as as- 
cribed by Stearns and Lewis (9). One subject (M. E.) was working 
steadily in the laboratory, but inasmuch as the work required no 
special time for completion, she went about it in a rather leisurely 
way, being conscious of no strain in accomplishing it. In fact, she 
states that she felt more relaxed during these months of sunlight 
irradiation than at any other time. 

Part of the creatine may possibly have been caused by taking of 
milk. During these months M. E. was taking at least a pint 
of milk per day, with one cup or about 240 ec. for breakfast. The 
creatine in cow’s milk as observed by Denis and Minot (10) shows 
an average of 2.4 mg. per 100 ec. of milk. This would involve a 
total intake of 6.0 mg. of creatine at breakfast. But inasmuch as 
results show a much higher total excretion of creatine for the morn- 
ing hours, in some cases as much as 18 mg. in 3 hours, it is evident 
that this creatine came from some other source. It might also 
be well to state that this subject was not eating ahigh protein diet, 
never taking meat more than once per day and then only in 
moderate amounts. 

The children also excreted creatine constantly and in sur- 
prisingly large amounts. The maximum creatine excretion per 
hour was 10.2 mg. for Dorothy and 13.5 mg. for Lila. The average 
excretion for each per hour, over a period of 4 hours was 6.3 and 
7.8 mg. respectively. It is not probable that this creatine could 
have come from a high protein intake for these children were on a 
rather high carbohydrate, medium protein intake at the time of 
these experiments. 

These results obtained with sunlight show nothing definite as 
to its influence on creatine during or after irradiation. In some 
cases there was a slightly diminished excretion of creatine and in 
other cases a slight increase, while in still other cases the excretion 
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remained the same. Similar results were obtained with the young 
girls used in the experiments. This is contrary to the findings of 
Hoogenhuyze and Best (1) who, although they quote no figures, 
observed that when creatine was present it was always diminished 
after irradiation. 

Because of this apparent lack of effect of sunlight on creatine 
excretion further observations on the creatine content of the urine 
after the carbon are exposures were not made. 


Part II. Basal Metabolism. 


LITERATURE. 


Clark (6) makes the following statement with respect to the effect of 
light on metabolism. 

“Light exerts some influence on body metabolism, as is shown by a num- 
ber of results indicating a change in amount of CO, expired, a change in 
rate and depth of respiration, and an increased rate of growth in the light 
compared to the dark. However, no results definite enough to review at 
any length are reported in this field. Since ultraviolet light is a powerful ox- 
idizing and reducing agent it seems strange that it does not produce more 
marked changes in metabolism than it does. The small penetration of the 
chemically active rays is of course our protection against them. As far as 
the change in CO, output is concerned, it is visible light and ultraviolet 
light greater than 330uu which is responsible for the effects reported so far, 
as the animals experimented on were always exposed to light under glass.”’ 

McConnell and Yagloglou (11) found that carbon dioxide produced and 
oxygen consumed increased with exposure to high or low temperature. 
They hold that there is a zone within which basal metabolism should be 
measured since the metabolic rate is increased when the temperature of the 
environment exceeds the body temperature. Those (12) holding a con- 
trary view maintain that if external heat could be substituted for chemical 
processes in the body then the tropical temperature should reduce these 
fundamental metabolic changes to a low level in comparison with that 
which is obtained in the temperate zone, and so far climate or temperature 
differences have never been regarded as altering the metabolism of man in 
any noticeable degree. 

In 1920, Ozorio de Almeida (13), a Brazilian physiologist, announced 
on the basis of studies made on ten white men and an equal number of negro 
laborers—using the Tissot gasometer— that the inhabitants of warm cli- 
mates have a basal metabolism as low as 30 calories per square meter of body 
surface per hour. By some (12) this work was discredited unless it be 
“assumed that certain much discussed endocrine functions are notably 
disturbed by life in the tropies,’’ and also because Kijkman (14) has con- 
firmed his early work on the metabolic rate of white and colored persons in 
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Java, reporting the usual figures—about 40 calories per hour. On the other 
hand, Du Bois rather accepts the findings of Ozorio de Almeida, attrib- 
uting the low results to the limited muscular activity of subjects in such 
hot climates. That the small amount of muscular activity was the con- 
tributing cause was demonstrated by the fact that one subject increased 
his basal metabolism upon increased muscular activity. 

Hill and Campbell (15) have shown that children crippled with sur- 
gical tuberculosis and lying fixed in splints in bed and more or less nude, 
gave a much higher basal metabolism after graduated exposure to open 
air and heliotherapy. However, these children also showed an increased 
weight and soagreater basal metabolism, but, when allowance was made 
for weight the rise in metabolism caused by heliotherapy was insignifi- 
cant compared with that caused by exposure to open air. 


EXPERIMENTAL. 


Procedure-—The basal metabolism determinations were made 
in the winter months during the morning hours, on nine women 
students in the Nutrition Laboratory, six of whom were graduate 
students, and two young men, one a University instructor and the 
other a business man. All except one young woman (E. W.) 
who had a slight goiter were normal and healthy. 

The Sanborne type of the Benedict respiration apparatus, an 
old machine converted according to Roth (16), was used to deter- 
mine the oxygen consumption and therefrom the basal metabolism 
was computed. In general the procedure of the Nutrition Labora- 
tory for determining the oxygen consumption was followed (17, 
18). However, methods of recording data, technique, and the 
like were modified more according to the methods of Roth (19). 
After attaching the subject to the apparatus, kymographic tracings 
were made of the oxygen consumption over periods of 10 minutes 
each. Tests for tightness and for the presence of unabsorbed 
carbon dioxide in the spirometer were made each day. 

After two 10 minute observations, checking within less than 5 
per cent, usually within less than 3 per cent, had been made for 
the control basal rate, the carbon are light described previously 
was used to irradiate the subject for 20 minutes. Then with the 
light still shining on him, two more 10 minute observations of 
oxygen consumption were made, usually involving a total light 
exposure of 45 to 50 minutes at a distance of 6 to 7 feet. During 
the whole of this irradiation period the subject lay quiet and re- 
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laxed. Just as in the case of creatinine determinations, the subject 
removed top clothing, leaving the arms and shoulders bare. 


DISCUSSION. 


The irradiation had no appreciable effect upon the basal me- 
tabolism. Of the eighteen studies made, an increase of 5.7 per 
cent occurred in one case, but the majority of the determinations 
fell within 3 per cent or less above or below those of the non-irra- 
diated period. 

It was also observed that neither the pulse rate nor the rate of 
respiration, as averaged from those of a 4 minute period, was 
changed by the light exposure, nor do the kymographic tracings 
show any difference in the depths of respirations during each 
period. 

The negative findings from this work are rather striking, es- 
pecially since Clark (6) in discussing the work of a group of in- 
vestigators suggested that light influenced the amount of carbon 
dioxide expired and caused a change in the rate and depth of 
respirations. Likewise Rollier (20) in his study of tuberculosis, 
held that light absorbed by the blood changed it into a receptacle 
of radiant energy which hastened the intracellular process of oxida- 
tion and reduction. 

It might be well to mention that while all subjects were con- 
sidered normal because their basal metabolism fell within 10 per 
cent of Benedict’s predicted values yet all except three of these 
women were 6 to 10 per cent below that predicted. 


SUMMARY. 


The creatinine and creatine excretion of three normal women and 
two children as affected by the irradiation from sunlight was ob- 
served during 3 summer months and 2 autumn months. Similar 
observations were made with the carbon arc light during the winter 
months. 

A study was also made of the effect of irradiation by the carbon 
arc on the basal metabolism of nine normal women and two men. 

The experimental observations seem to justify the following 
conclusions. 

1. Light from the sun and from the carbon are increased the 
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creatinine excretion for the hour of irradiation and then decreased 
the excretion of creatinine for several hours, after which the ex- 
cretion finally returned to the level obtained before the irradiation. 

2. Irradiation by sunlight had no effect on the creatine excre- 
tion of normal women or of the children studied. Creatine was a 
constant component of both the urines. 

3. Exercise increased the hourly creatinine excretion, in some 
cases to a higher degree than did irradiation. 

4. Autumn sunlight did not increase the creatinine excretion 
as much as the sunlight of the summer months. 

5. Irradiation had no immediate effect upon basal metabolism. 

6. There is no apparent relation between the effect of irradia- 
tion on creatinine excretion and the basal metabolic rate. 


It is a pleasure to take this occasion to express grateful appre- 
ciation to Dr. Katharine Blunt for her constant interest and help- 
ful suggestions in all of the work undertaken. 
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DIETARY REQUIREMENTS FOR REPRODUCTION. 


V. THE ROLE OF VARIOUS VEGETABLE AND FRUIT OILS IN 
FERTILITY AND LACTATION.* 


By BARNETT SURE. 


(From the Laboratory of Agricultural Chemistry, University of Arkansas, 
Fayetteville.) 


(Received for publication, March 25, 1926.) 


In previous publications failures were reported in reproduction 
on diets composed of purified food substances (1) and on skimmed 
milk powder diets containing cod liver oil as a source of vitamins 
Aand D (2). The addition of ethereal, acetone, or benzene ex- 
tracts of wheat embryo to the basal skimmed milk powder 
sterility-producing diet! resulted not only in the birth of healthy, 
vigorous young but also in successful lactation (3). Ethereal 
extracts of yellow corn and hemp seed also cured sterility but 
were found inferior to wheat oil for lactation (4). 

In this communication two series of experiments are reported: 
(1) The effect of the reduction of the concentration of wheat 
oil in the basal diet on lactation. (2) The effect of the addition 
of various vegetable and fruit oils to the basal diet on fertility 
and lactation. 

In earlier studies on reproduction with diets composed of puri- 
fied food substances (1) no difficulty was experienced in securing 
healthy litters of young when butter fat was used as a source of 
vitamin A. The mothers, however, invariably failed to rear 
their litters. It was only after cod liver oil was substituted for 
butter fat as a source of fat-soluble vitamins that the sterility 
situation was encountered. Since wheat oil was always a by- 
product in the laboratory from the preparation of alcoholic 


* Research paper No. 19, Journal Series, University of Arkansas. 

1 The composition of this basal ration is as follows: skimmed milk pow- 
der, 50; ferric citrate, 0.2; agar-agar, 2.0; Harris yeast vitamin, 0.4 to 1.0; 
cod liver oil, 2.0; dextrin, 44.8 to 45.4. 
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extracts of wheat embryo used to furnish vitamin B in synthetic 
diets, the addition of ethereal extracts of wheat germ to sterility- 
producing rations was tried. Not only were healthy, vigorous 
litters obtained, but lactation proceeded at a normal rate, and 
with certain slight modifications in the mineral complex of the 
basal ration,” we have successfully weaned fifth generation young. 

While it is realized that the whole matter of lactation is an 
exceedingly complicated physiological process, undoubtedly being 
influenced by a number of dietary factors, the fact that normal 
rearing of young could be secured on a reproduction-deficient 
diet by the addition of one specific vegetable oil encouraged the 
further study of the same oil from the standpoint of concen- 
tration; snd also oils from other sources, employing the basal 
ration cn which failure in reproduction is invariably obtained. 
In this study the oil in each experimental diet is then the only 
hmiting factor, the weight of the oil replacing an equivalent 
amount of dextrin. All attempts to construct a synthetic diet 
approximating the composition of the skimmed milk powder 
basal diet containing 3 per cent wheat oil, so as to secure optimum 
success in lactation, resulted in failure. Therefore, the skimmed 
milk powder diet was adopted as a working basis in connection 
with the lactation problem. The picture obtained by reducing 
the concentration of wheat oil in the basal diet and by the addi- 
tion of various vegetable and fruit oils in that ration is striking 
and may serve as a guide towards further quantitative studies. 
The results reported in this paper are considered comparative 
rather than absolute. 


Effect of the Reduction of the Concentration of Wheat Oil on Lactation. 


Tables I and II are self-explanatory. The infant mortality 
rises with the decrease in the concentration of wheat oil in the 
ration, the greatest mortality occurring towards the termination 
of the lactation period. The inferiority of the acetone extracts 
to the ethereal extracts of wheat embryo for lactation is quite 
apparent. The acetone extracts were prepared by percolating 
wheat germ (6 gallons of acetone to every 10 pounds of wheat 
germ) with acetone at room temperature; the ethereal extracts 


2 See Paper VI, in this issue. 
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TABLE I. 


Effect on Lactation of Reduction of Concentration of Ethereal Extracts of 
Wheat Embryo in the Basal Ration. 

Numbers in parentheses below the columns of litters represent the total 
young born. Regardless of the size of the litters, each mother was given 
only six young to rear so as not to overburden the mammary gland and to 
have a standard method of comparison. If less than six young were born, 
the mother was given the actual number born. Numbers in parentheses 
following the weight records indicate how many live young were left on that 
particular day. 


(7) (7) (3) 
gm. gm. gm. 
2.0) Weight at birth. 29 32 33 2314 and 2316 gained 
3rd day. 40 37 38 11 and 12 per cent of 
a 57 48 56 their weights respec- 
—_—* 77 63 78 tively during lactation 
9th “ 97 75 104 period. 9? 2315 main- 
llth “ 117 92 129 tained weight during 
isth “ 140 107 150 the same period. 
| 15th “ 158 120 170 
wth 173 136 189 
4 19th “ 191 148 208 
2ist “ 206 170 248 
23rd “ 250 208 
25th “ 254 
(9) 1 dead.) (6) 
1.0} Weightat birth. | 30 2 | 2 9 2329 disposed of 2 
2nd day. 28 36 young on 3rd day. 
aa 20 36 2331 lost 1 young on 
4th “ 25 49 12th day of lactation. 
6th “ 33 51 61 On 2ist day the young 
Sth “ 42 63 | 7 began to lose weight 
10th “ 58 83 | 90 rapidly, on the 23rd 
lith “ 66 114 | 97 day were in such poor 
Zh “ 7 126 | 88 (5) condition that they 
l4th “ 87 140/105 were discarded. 
16th “ 100 163 {119 2 2329 gained 10 per cent 
19th “ 118 133 of its weight during 
143 177 lactation; 2 2332 lost 
23rd“ 152 198 8 per cent of its weight 
| 24th “ 212 during same period. 


| 
| 2ot 168 | 
240 | 
ol 
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TABLE I—Concluded. 


(7) 2 dead.) 

gm. gm, 

0.3 | Weight at birth. | 28 (6)| 20 (5)| Litter of 2 young of 2 2342 were 
3rd day. 29 (5)| 22 in very poor dying condition on 
Sh “ 42 28 the 27th day of lactation and 
wth “ 57 43 were discarded. 
9th “ 75 56 2 2341 gained 5 per cent of its 
lith “ 85 71 weight during lactation. 
13th “ 95 
lth “ 107 93 
120 101 
19th “ 130 110 
Zist “ 95 (4) 
22nd “ 147 
24th “ 160 92 
ath 174 SS 
7a «6 203 53 (2) 


were prepared by extraction in a Soxhlet apparatus at the boil- 
ing point of the solvent (4). The different biological results 
secured may be due to the relative efficiency of extracting all 
lipoidal material intricately bound within the cells of the wheat 
embryos by employing these two methods of extraction. 
Cottonseed oil, corn oil, and palm oil (Table III) also produce 
successful lactation and possess antisterility properties but not 
to the same extent as wheat oil. Reducing the concentration of 
cottonseed oil from 5 to 3 per cent also produces a deleterious 
effect on milk secretion. The precentage of weaning of young is 
not always the only and safe criterion of judging success in lacta- 
tion. When 3 per cent of wheat oil is added to the basal diet, 
litters of six young are weaned in 21 to 25 days, and each young 
then attains a weight of 40 gm. or over. Cottonseed oil, even 
when fed at a 5 per cent level, produced a prolongation of the 
nursing period. The young were not weaned before 30 days. 


In connection with the corn oil studies, it may be of practical | 


interest to consider that Mazola, which is the commercial corn 
oil secured in the open market, fed at a plane of intake as high 
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in the Basal Ration. 


TABLE II. 
Effect on Lactation of Reduction of Concentration of Acetone Extracts of 
Wheat Embryo (Prepared by Percolation at Room Temperature) 
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Litter o 


Litter of 


Litter of 


oil. 2390. | 9 2391. | 9 2392. Remarks. 
(8) (7) (10) 

cont gm. gm. gm. 

3.0} Weight at birth. | 28 36 30 Typical record of suecess- 
2nd day 26 (5) 38 ful rearing of young 
3rd “ 30 49 which compares. well 
4th “ 36 54 with rate of growth of 
5th “ 42 64 litters of 6 young of 
6th “ 77 our animals on stock 
7th “ 57 89 ration consisting of 
8th “ OS natural foods and lib- 
9th “ 72 98 eral supply of whole 
wa “ S2 130 milk daily. 
lith “ 91 116 The young attained a 
12th “ 152 weight of 40 gm. or over 
Ba 107 130 on the 21st to 24th day 
14th “ 165 of lactation. 
15th “ 137 146 9 2390, 9 2391, and 9 
16th “ 1S5 2392 gained 16, 10, and 
7th “ 147 161 2 per cent of their 
18th “ 208 weights respectively dur- 
19th “ 163 182 ing nursing period. 
20th ‘“ 231 
2ist “ 175 216 243 
22nd “ 81 233 
253 
24th “ 208 

’ |Litter of |Litter of |Litter of 
9 2405. | 9 2406. | 9 2407. 
(4) (4) (9) 

1.0| Weight at birth. | 23 (4)} 24 (4)} 28 (6)} Out of 14 young allowed 
2nd day. 25 30 to be reared only 4 were 
3rq “ 35 weaned. Note that in- 
4th “ 33 39 fant mortality occurs 
Sth “ 40 48 47 during termination of 
7th “ 51 61 lactation period. 
8th “ 68 
9th “ 68 80 
10th “ 85 
82 96 


t 
| | 
| 
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TABLE II—Concluded. 


Litter of |Litter of |Litter of 
2 2405. | 9 2406. | 9 2407. Remarks. 
(4) (4) (9) 

gm, gm, gm, 

1.0 12th day. 86 100 105 Although one female was 
14th * 95 121 able to wean a litter of 
15th “ 117 4on al percent acetone 
16th “ 107 135 extract of wheat em- 
wth “ 128 bryo, it lost 23 per cent 
18th “* 120 64 (2)|150 of the body weight dur- 
19th “ 128 33 (1)j/161 ing nursing period. 
20th “ Dead. 
143 94 (3) 
23rd “ 162 32 (1) 
24th “ Dead. 

Litter of 
(6) (5) 3 dead.) 
0.5 | Weight at birth. | 31 (6)! 28 (5)| 17 (5)| 9 2411 bore a litter of 8 
2nd day. 38 33 All young;3 born dead. Re- 
4th “ 52 46 dis- maining young’ were 
6th “ 58 52 ap- disposed of by the 
— 81 64 pear-| mother on 2nd day. 
tA “ 108 80 ed. | On reducing concentra- 
llth “ 115 (5)| 92 tion of acetone extracts 
13th * 115 96 of wheat embryo in 
lsth “ 146 112 basal ration to 0.5 per 
wa “ 170 127 cent, percentage of in- 
19th “ 177 108 (4) fant mortality rises to 
20th “ 186 110 100 per cent. 
151 (4)| 83 (3) 
22nd “ 1100 (3)| 54 (2) 
53 22 (1) 
25th “ Dead. | Dead. 


as 5 per cent, is ineffectual even in curing sterility, while 3 per 
cent of the raw product (furnished by the Associated Corn 
Products Manufacturers) from which Mazola is made, not only 
possesses antisterility properties but insures a certain degree 
of success in rearing of young. The manufacturers state: ‘In 
the refining process, the crude corn oil is treated with steam,— 
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carbonate of soda is used to neutralize the fatty acids and it is 
filtered through fullers’ earth.” It seems that somewhere in 
the process vitamin E is destroyed. Such information may be of 
interest in connection with studies on the stability of the reproduc- 
tive dietary complex towards heat and oxidation. 

We have found that peach kernel, soy bean, peanut, and olive 
oils were instrumental in curing sterility on the basal reproduction- 
deficient diet, but did not permit of rearing of young. 

Linseed, coconut, sesame, palm kernel, rape seed, mustard 
seed, and oil of sweet almonds were found deficient in anti- 
sterility properties. This had previously been determined for 
coconut, sesame, and linseed oils (4). 

While palm kernel oil, incorporated to the extent of 5 per cent 
in the ration, produced sterility, an equivalent amount of palm 
oil not only produced fertility but also to a certain degree 
successful lactation. 

The nature of infant mortality observed in this study deserves 
special consideration. The birth of dead young is probably 
' associated with fetal malnutrition’ during gestation. When 
young are born in an emaciated condition they seldom survive 
longer than 24 hours. When the basal diet is deficient in the 
reproductive dietary complex (vitamin FE) two forms of infant 
mortality have been encountered. One cecurs early during the 
suckling period and mainly during the first 3 to 4 days. While 
In some cases during the early part of the suckling period we 
find the young dead in the cage, in the majority of cases the 
mother develops infanticidal tendencies and disposes of her in- 
fants. Unseen litters, indicated by the very sudden and appre- 
clable drop in the mother’s weight, are also common. ‘The 
second form of infant mortality occurs during the latter part of 
lactation. Young that are apparently healthy, vigorous, active, 
and regularly nursing one day are found dead the next day. 
This has been true with the young lost on the corn oil diets. 
Practically all the young that were lost died on the 18th to 20th 
days of lactation. The question arises whether in the latter 
type of infant mortality we are dealing with an insufficient milk 
flow or the secretion of milk or poor quality. The fact that a 
mother in reducing a litter of six to four or three is able to wean 
successfully a small number of young would indicate that the 
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TABLE IV. 
Vegetable and Fruit Oils Used in This Investigation. 


Kind of oil. 


Source. 


Wheat. 


Corn and Mazola. 


Cottonseed. 
Peach kernel. 
Sesame. 
Coconut. 
Linseed. 
Olive. 


Palm. 

Palm kernel. 
Mustard seed. 
Rape seed. 


Oil of sweet 
almonds. 


Chaulmoogra. 


Soy bean. 
Peanut. 


Sunflower. 


Prepared by extraction from wheat embryos, secured 
from the Washburn-Crosby Milling Co., Minneapolis, 
Minn., with ether, by percolation with acetone at 
room temperature, or by directly expressing, as 
indicated. 


Kindly furnished by the Associated Corn Products 
Manufacturers, Chicago, Ill. The corn oil is the 
crude product from which the commercial refined 
Mazola is prepared. 


Secured from Morris-Morton Drug Co., Fort Smith, Ark. 


Kindly furnished by Boyer, Kienle Co., 90 West Street, 
New York, N. Y. 


Kindly furnished by Eli Lilly and Company, Indian- 
apolis, Ind. 


Kindly furnished by Dr. Jamieson of the Oil, Fat, and 
Wax Laboratory of the Bureau of Chemistry, U. 5. 
Department of Agriculture, Washington. 

The peanut oil was directly expressed. The soy bean 
oil was heated to a temperature of 60°C. before being 
expressed for its oil. 


Kindly furnished by the Chemistry Department of the 
Missouri Agricultural College. 
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mammary gland is becoming depleted in the quantity of milk 
necessary for the nourishment of a larger litter. 


SUMMARY. 


1. Of all the vegetable and fruit oils studied, wheat oil, cotton- 
seed oil, corn oil, and palm oil are the only ones that permitted 
normal lactation and exhibited antisterility properties. Of these 
wheat oil is the most potent. 

2. Peach kernel, soy bean, peanut, and olive oils were found 
non-potent for lactation but were effectual in curing sterility. 

3. Linseed, coconut, sesame, palm kernel, rape seed, mustard 
seed, oil of sweet almonds, and commercial corn oil (Mazola) 
were found deficient in antisterility properties. 

4. Reducing the concentration of wheat oil, corn oil, and cottun- 
seed oils in the basal ration results in corresponding greater 
infant mortality. 

5. All the results reported in this communication are con- 
sidered comparative rather than absolute. 


The author desires to thank the Merrell-Soule Co., New York, 
for the liberal supplies of skimmed milk powder used in this in- 
vestigation. 
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VI. TYPES OF STERILITY PRODUCED ON A SKIMMED MILK 
POWDER REPRODUCTION-DEFiCIENT DIET.* 


By BARNETT SURE. 


(From the Laboratory of Agricultural Chemistry, University of Arkansas, 
Fayetteville.) 


THE AssISTANCE or W. J. BArErRG. 
(From the Laboratory of Entomology, University of Arkansas, Fayetteville.) 
PLATE 1. 
(Received for publication, March 25, 1926.) 
On the following rations healthy, vigorous second generation 
animals showing normal growth curves were secured, but none 


of the females in the two lots, eight in number, developed any 
signs of advanced pregnancy. 


Lot 466. Lot 467. 

(2 males, 4 females.) (1 male, 4 females.) 
Skimmed milk powder................ 50.0 
0.2 
Harris yeast vitamin................ . 0.4-1.0 0.4-1.0 
Ethereal extract of wheat embryo..... 5.0 3.0 


Both lots were bred on November 18, 1924. On January 21, 
1925, all the females being sterile, the ration of Lot 466 was changed 
so that lactalbumin, 6.0; gelatin, 6.0; cystine, 0.4; tyrosine, 0.4; 
and tryptophane, 0.4 replaced equivalent amounts of dextrin. 
The ration of Lot 467 was changed at the same time, so that 20 
per cent of whole wheat embryo replaced an equivalent amount of 
dextrin in that diet. None of the females became pregnant. 
Another change was then made in the ration of Lot 466, incorporat- 
ing 2 per cent of Steenbock’s Salt Mixture 32, employed in all 
of our synthetic diets, but without any response. At that time 


* Research paper No. 28, Journal Series, University of Arkansas. 
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work of Daniels and Hutton (1) appeared in this Journal, report- 
ing that “rats fed exclusively on milk, either raw or quickly boiled, 
seldom reproduced. In those instances where reproduction 
did take place, the young in general were born late, and only a 
very small percentage survived the suckling period. A third 
generation on milk alone was never raised.’’ It is difficult to inter- 
pret the results of Daniels and Hutton, since a liquid whole milk- 
starch paste diet was used and all water was withheld from the 
animals. Undoubtedly this permitted a greater consumption of 
milk solids, containing appreciable amounts of milk fat, than would 
ordinarily occur. Although the authors are unable to explain all 
their data, the point that is clear and convincing is that the 
addition of small amounts of a combination of potassium aluminum 
sulfate (AIK (SO,)2-12H.O), sodium fluoride (NaF), sodium silicate 
(Na2SiO;), and manganese sulfate (MnSO,-4H.O) brought about 
optimum results in the reproduction of succeeding generations. 
The addition of these minerals was made in such proportions 
that each animal received daily 1.5 mg. of each mineral. 

It was calculated from our food consumption records that 0.05 
per cent of equal proportions of these four minerals would approxi- 
mately allow 6 mg. per animal per day. A salt mixture, designated 
as Salts 11, was then compounded, having the following composi- 
tion. 


per cent 


The minerals used are the purest obtainable in the open market 
and were secured from Eimer and Amend. The four salts, con- 
taining fluorine, manganese, aluminum, and silicon were thor- 
oughly mixed with the ferric citrate, and incorporated to the extent 
of 0.25 per cent of the ration. 

The next change made in rations of Lots 466 and 467 was to 
replace the ferric citrate by equivalent amounts of Salts 11, but 
this was without any success. 

At the time sterility was encountered in the second generation 
of Lots 466 and 467, receiving 5 and 3 per cent of ethereal extracts 
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of wheat embryo in their diets respectively, two lots of second 
generation animals were growing up on the basal diet containing 
5 per cent of cottonseed oil. After reaching sexual maturity both 
lots, 506a (two females) and 506b (two females) were bred. 
The ration of Lot 506a was changed so that 0.25 per cent ferric 
citrate was replaced by 0.25 per cent of Salts 11, while Lot 506b 
received 0.25 per cent ferric citrate from weaning age throughout 
the experiment. The females of Lot 506b remained sterile while 
both of the females of Lot 506a gave birth to litters of young. 
Female 2232 of Lot 506a gave birth to a litter of eight young and 
was allowed six to rear. These were reduced to three on the 3rd 
day and the remaining young disappeared onthe4thday. Female 
2231 of the same lot gave birth to a litter of nine and five out of 
six young given her to nurse were weaned on the 30th day. 

Assuming that the injury due to mineral deficiencies produeed 
in Lots 466 and 467 to be a form of sterility which was irreparable, 
the entire experiment was repeated from the first generation. 
3 per cent of acetone extracts of wheat embryo served as a source 
of the reproductive factor and 0.25 per cent of Salts 11 replaced 
0.25 per cent of ferric citrate. This slight change in the mineral 
complex in the ration permitted the production of third, fourth, 
and fifth generation animals. Chart I shows the character of 
growth secured with animals of the fourth generation on the 
basal skimmed milk powder containing 3 per cent wheat oil and 
0.25 per cent of Salts 11. It is quite apparent from the curves 
that the nature of growth is far superior to that obtained by 
Donaldson, whose curves of growth representing the normal are 
used by most investigators in experimental nutrition for compari- 
son. Five females of the fourth generation gave birth to forty- 
six young, and twenty-eight out of thirty allowed to be reared 
were successfully weaned in 21 to 24 days. Chart II shows the 
growth of two litters of fifth generation animals. 

The addition of these minerals in different combinations and 
varying concentrations afforded extensive data on the success in 
lactation induced by the incorporation of 3 per cent of wheat oil 
to the basal skimmed milk powder reproduction-deficient diet, as 
outlined in Table III of the preceding paper. Out of a total of 
778 young born, only sixteen were delivered dead, or an infant 
mortality of only 2 per cent at birth. Out of 553 young allowed 
to be reared, 524 were weaned in 21 to 24 days of lactation, or a 
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percentage of 94.8 weaned. The addition of the small amounts of 
the various minerals produced no injurious effects on lactation. 
This success in lactation was possible only when adhering strictly 
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to the technique of administering the Harris yeast vitamin. 
Osborne and Mendel (2) have shown the increasing demand of the 
growing young rat for Vitamin B for growth. Such findings were 
taken into consideration in supplementing our basal ration with 
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the Harris concentrated vitamin B preparation. Our young 
animals were allowed only 0.4 per cent of that product during the 
Ist month of growth. During the succeeding periods of growth 
until breeding, 4 to 6 weeks, the yeast vitamin was increased to 
0.5 per cent in the ration, and from the time of mating until the 
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termination of the lactation period it was further increased to 1.0 
per cent of the diet. The second and succeeding generations of 
animals were then allowed the same proportions as the first genera- 
tion during growth and reproduction. Reducing the concentra- 
tion of the Harris yeast vitamin, as outlined, always resulted in 
considerable infant mortality. 
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Evaporated milk is a product of necessarily varying vitamin 
content depending on the feed of the cow from which the milk is 
obtained. During our reproduction studies we have used up 
several thousand pounds of the Merrell-Soule skimmed milk 
powder, and, although we had no definite knowledge concerning 
the source and method of manufacture of some of the lots fur- 
nished us, we know that the mineral sterility reported in this 
paper was produced on a product made from winter milk. We 
have now repeated the work on mineral sterility employing a 
skimmed milk powder product prepared from summer milk 
coming from cows that were out on pasture. On such product 
we are now encountering signs of advanced pregnancy in the 
second generation in the absence of the aluminum, manganese, 
silicon, and fluorine salt mixture. It seems then that summer milk 
has a greater biological value than winter milk from the stand- 
point of minerals. 

On the skimmed milk powder lot prepared from.summer milk 
different results were also secured from the standpoint of vita- 
min B. Out of thirty-two young allowed to three females to rear, 
18 were weaned on the basal diet, containing 3 per cent wheat oil, 
the skimmed milk powder serving as the only source of vitamin B. 
These six females, with an infant mortality record of 44 per cent, 
were able to wean their young only by considerably prolonging 
the nursing period, some of the young not being weaned until the 
3lst day. The condition of the young at weaning was decidedly 
subnormal. They appeared very lethargic and undernourished. 
Paralysis of the hind legs in some of the young on this experiment 
was observed. 

While we found several lots of Harris yeast vitamin inferior in 
vitamin B potency, as tested for growth on purified synthetic 
diets, even such lots supplemented our basal ration containing 
wheat oil to such an extent that the percentage of weaning of 
young was not in any way affected. In every experiment at least 
90 per cent of the young were successfully weaned at the end of 
the regular lactation period. Yeast, even in concentrated form, 
may supply a number of dietary essentials when fed in liberal 
amounts. The amount of the Harris yeast vitamin employed in 
our basal ration was then reduced to the minimum level to permit 
normal growth and insure optimum success in fertility and lactation. 
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We have as yet no data to what extent such concentrated yeast. 
vitamin product fed at higher planes of intake in the basal diet, 
in the absence of wheat oil, would influence reproduction. 

In the absence of wheat oil, the basal diet employed in all this 
work on reproduction, regardless of the seasonal variation in the 
mineral and vitamin B content of the skimmed milk powder, 
always produced sterility. 

The removal of ferric citrate from the basal ration containing 
wheat oil produced sterility in one case. Two females on the 
same experiment succeeded in weaning two litters of twelve 
young. 

In all these studies on reproduction accurate records of food con- 
sumption were kept, and in no case could the very slight differences 
in food consumed possibly account for the remarkable differences 
in fertility and infant mortality observed. In order to save 
space, all food consumption data have been omitted. 

Although we have encountered on diets containing skimmed 
milk powder, prepared from winter milk, a form of mineral sterility 
in the second generation, prevented by the administration of small 
amounts of a mixture of aluminum-, manganese-, fluorine-, and 
silicon-containing salts (probably of the same nature reported by 
Daniels and Hutton), we had not definitely determined the 
character of sterility observed in the first generation on the basal 
diet, which is prevented by administration of ethereal extracts of 
wheat embryo. Evans and Bishop (3) have reported sterility due 
to resorption of the fetus during gestation. This sterility they 
cured by administration of small amounts of wheat oil (4). Since 
the lactation-promoting properties of wheat oil have now been 
located in the unsaponifiable matter of that oil (5), it became 
increasingly important to determine whether or not in our repro- 
duction studies concerned mainly with the problem of lactation we 
are confronted with a form of sterility of the same nature as that 
found by Evans and Bishop. 

The females on our experimental rations are weighed daily from 
the 15th day after breeding until the litters are born. As soon as 
advanced signs of pregnancy are visible each female is allowed 
a separate compartment where she can give birth to her litter 
undisturbed. Very frequently we have noticed that females on 
our basal skimmed milk ration develop considerable abdominal 
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distention, showing unmistakable signs of pregnancy. These 
females, after a sharp rise in the curve of growth, slowly begin 
to lose weight, and after a day or so no longer show any external 
signs of pregnancy, and of course do not produce any young. 
The curve of growth of such animals during gestation, accom- 
panied by postmortem examinations, we found, as has been shown 
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by Evans and Bishop (3), to be a reliable indication of resorption. 
Chart III shows a typical gestation curve contrasted with several 
resorption curves. The continuous rise in the curve of Female 
3122 which becomes more sloping towards the end of term, followed 
by a sudden drop in the curve after birth of the litter (indicated 
by the dotted lines), represents an entirely different picture than 
do the curves of Females 2485, 3074, and 2854. The slow loss of 


| 


——~ 


Barnett Sure 49 


weight manifested by the latter animals following the first rise 
in the curves after mating is quite apparent. 

Dr. W. J. Baerg made a number of postmortem examinations 
and photographed the uterine horns containing the remaining 
embryos. Only those females were examined which showed the 
resorption type of curve. Care was taken to remove as much of 
the adjoining fatty tissue as possible and also retain the ovaries 
showing the corpora lutea of pregnancy. 

Figs. 1 to 4 are self-explanatory. After resorption has begun 
the fetuses are reduced in size and gradually disappear. The 
number of embryos remaining depends on the length of time 
resorption has progressed. A gross examination of the contents 
of the uterus after resorption was clearly in evidence showed that 
the remains of the fetuses consisted largely of macerated tissue 
and masses of congested blood vessels. 

Resorption curves similar to those shown in Chart II] were also 
obtained on a synthetic ration of the following composition: 
casein, 15; lactalbumin, 3.0; cystine, 0.3; agar-agar, 2.0; Salts 
32, 4.0; dextrin carrying alcoholic extracts of wheat embryo; and 
0.3 ec. of cod liver oil per animal per day administered separately 
from the ration. 

It is then clear that in our studies of reproduction on our 
skimmed milk powder diets and on the synthetic rations we are 
dealing with the same type of female sterility in the first genera- 
tion that is cured by wheat oil and other vegetable or fruit oils 
(6), as reported by Evans and Bishop (3). , 

In order to convince ourselves that the mineral type of sterility 
observed in the second generation animals on diets containing 
wheat oil is of a different character than that noted in first genera- 
tion females receiving the basal ration, we have repeated our 
experiments on the basal diet, in which was incorporated 0.25 per 
cent of Salts 11, replacing an equivalent amount of ferric citrate. 
The presence of the small amounts of manganese, aluminum, sili- 
con, and fluorine in the diet from which the wheat oil was removed 
did not prevent the resorption form of sterility. Just what the 
character of the mineral sterility is we have not yet determined. 


SUMMARY. 


1. Two forms of sterility have been encountered on a skimmed 
milk ration used in studies of reproduction. 
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2. One form of sterility is observed in first generation females 
which is characterized by a resorption of the fetus. 

3. The second form of sterility arises in second generation 
animals receiving a diet containing skimmed milk powder, pre- 
pared from winter milk, and can be prevented by incorporating in 
the basal diet, containing 3 per cent wheat oil, 0.05 per cent of 
equal amounts of Nak; MnsSO,-4H2O; and 
NaesiQOs, 

4. Technique of supplementing the basal diet with Harris yeast 
vitamin is described, which must be strictly adhered to in order to 
secure optimum results in lactation. 


We desire to thank the Merrell-Soule Company of New York 
for furnishing the liberal supplies of skimmed milk powder used 
in this investigation. 
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EXPLANATION OF PLATE l. 


Fig. 1. This animal, fed on our stock diet consisting of natural foods and 
a liberal supply of whole milk daily, was bred on January 8, 1926. On the 
date of breeding it weighed 177 gm.; on January 25, 253 gm. ; January 28, 282 
gm.; January 29, 288 gm., January 30, 289gm. On the 22nd day after breed- 
ing, having reached the highest point in the gestation curve, the rat showed 
all external symptoms of being ready for delivery. A postmortem examina- 
tion was then made, and the uterine horns containing the young, photo- 
graphed. This figure represents a normal intrauterine litter at birth. 

Kia. 2. Female 2485. This animal received the basal skimmed milk 
powder ration containing 2 per cent cod liver oil. It was first bred on July 
6, 1925, and showed a resorption curve on August 1, 1925. It was rebred on 
September 9, 1925, and in addition to the cod liver oil in the ration, was 
given 0.3 cc. of that oil by pipette daily. On September 29, the weight 
was 273 gm.; on September 30, 273 gm.; October 1,275 gm. On October 3, 
the weight dropped to 251 gm. at which time the animal was sacrificed and a 
photograph taken of the uterine horns showing several remains of embryos. 
This figure represents a case of resorption after it had progressed for 48 
hours. 
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Fic. 3. Female 3074. This animal received the basal skimmed milk 
powder diet from which the cod liver oil had been removed. 0.3 ec. of cod 
liver oil was administered to the animal daily separately from the ration. 
The rat was bred on December 21, 1925, at which time it weighed 148 gm. 
On January 9, 1926, it weighed 190 gm.; January 11, 180 gm.; January 12, 
155 gm.; January 13, 153 gm. On this date the animal was chloroformed; 
the uterine horns showing small remains of two embryos were carefully 
removed and photographed. This figure represents a case of resorption 
after it had progressed for 4 days. 

Fic. 4. Female 2854. This animal received the basal ration containing 
2 per cent cod liver oil. The diet also contained 5 per cent distilled water 
replacing an equivalent amount of dextrin. Although this is not strictly 
our basal ration, and we have obtained varying results on such a diet, this 
figure is shown because the remaining embryos reduced in size are very 
distinct. The resorption curve of this animal is very similar to a number 
secured on our basal ration containing cod liver oil, in the absence of dis- 
tilled water, and the resorption picture can be considered as typical. 

This female was bred on October 3, 1925, at which time it weighed 149 gm. 
On October 26, it weighed 187 gm. ; October 27, 185 gm.; October 28, 191 gm. ; 
October 29, 193 gm.; October 30, 181 gm.; October 31, 170 gm. On this 
date the animal was sacrificed; the uterine horns showing clearly seven 
remaining embryos were photographed. This photograph was taken 48 
hours after resorption had begun. 
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DIETARY REQUIREMENTS FOR REPRODUCTION. 


VII. THE EXISTENCE OF A LACTATION-PROMOTING FACTOR IN 
THE UNSAPONIFIABLE MATTER FROM WHEAT OIL.* 


By BARNETT SURE. 


(From the Laboratory of Agricultural Chemistry, University of Arkansas, 
Fayetteville.) 


(Received for publication, March 25, 1926.) 


In all studies of dietary requirements for reproduction in rela- 
tion to the health and vigor of succeeding generations one is 
constantly confronted with the problem of lactation. While 
fertility constitutes a phase of such studies, lactation — 
must also be included in the cycle of reproduction. 

In my early studies of reproduction (1919) on diets meme 
of purified food substances, employing butter fat as a source of 
Vitamin A, I have not encountered the sterility phenomenon (1). 
On such diets females gave birth to normal, healthy litters, but 
all the young died some time during the nursing period. I then 
concerned myself chiefly with solving the failures in lactation on 
purified synthetic diets. After several years of failures exhaust- 
ing almost all possibilities of amino acid combinations, complete 
success in fertility and lactation was at last achieved by the 
addition of an ethereal extract of wheat embryo to a reproduction- 
deficient diet (2). 

In September, 1923, I reported results of experiments on re- 
production conducted during the preceding, 4 years which led 
me to suggest the existence of a specific vitamin for reproduction 
(3). Since no data were then available as to the possible lacta- 


* Research paper No. 34, Journal Series, University of Arkansas. Aided 
by a grant from Eli Lilly and Company, Indianapolis. 

An abstract of part of the material contained in this paper was presented 
before the American Society of Biological Chemists, at Cleveland, Decem- 
ber 30, 1925, under the title of ‘“The réle of vitamin E in lactation.’’ 
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tion properties of that vitamin, I provisionally termed it the 
reproductive dietary complex (vitamin E). In December, 1922, 
Evans and Bishop (4) announced the existence of a hitherto un- 
recognized dietary factor essential for reproduction, found in 
natural foods, which they tentatively termed “substance X.” 
The function of substance X, they reported, is to cure sterility 
by preventing resorption of the fetus during gestation. Recently 
Evans and Burr (5) have renamed the substance X of Evans and 
Bishop to conform to my nomenclature, and have termed it 
fat-soluble E, and further designate it as the antisterility vita- 
min. 

In this paper evidence is presented showing that the repro- 
ductive dietary complex, which I first termed vitamin E cannot 
be considered merely as a specific antisterility vitamin, but that 
it possesses lactation as well as antisterility properties. While 
the greater part of this investigation deals with the lactation- 
promoting properties of the unsaponifiable matter from wheat 
oil, observations on the stability of the reproductive factor to- 
wards heat and oxidation, and studies on storage of that com- 
plex in the female, are also presented in this paper. The results 
of the investigation suggest that vitamin E may be a composite 
of two fat-soluble vitamins, one concerned with lactation and 
the other with fertility. 


EXPERIMENTAL. 


That the reproductive factor performs a specific réle in lac- 
tation was anticipated from the following experiment, reported 
in a previous communication (6). On a ration, composed of 
casein, 25.0; agar-agar, 2.0; Salts 32, 4.0; acetone-extracted 
wheat embryo, containing small amounts of residual fat, 20.0; 
cod liver oil, 2.0; and dextrin, 49.0, fertility was secured but 
not lactation. The addition of 3.0 per cent of an acetone ex- 
tract of wheat embryo to the ration, replacing an equivalent 
amount of dextrin, resulted in the successful rearing of two litters 
of young. My attention was, therefore, next turned to supple- 
menting the basal skimmed milk powder diet (the composition of 
which is given later in the paper) with various preparations of 
unsaponifiable matter from wheat oil. 
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Preparation of Various Concentrates of Unsaponifiable Matter 
from Acetone Extracts of Wheat Embryo. 


The acetone extracts of wheat embryo were prepared by per- 
colating wheat embryos with acetone at room temperature, using 
6 gallons of the solvent for every 10 pounds of embryos. The 
acetone percolates were then concentrated zn vacuo and the oil 
obtained by such a procedure was used as a base for fractiona- 
tion. 

The total unsaponifiable matter from wheat oil was prepared 
as follows: 10 pounds of the acetone percolates (representing 100 
pounds of wheat embryo) were saponified with 25 per cent alcoholic 
potash overnight at 37.5°C. 5 gallons of water and 7.5 gallons 
of ether were added to the soap and the mixture thoroughly 
stirred. 23 gallons more of ether were added which gave a separa- 
tion of 23 gallons of ether. Eight extractions of 2.5 gallons of 
ether were made. After evaporating the ether in vacuum, the 
material was resaponified overnight at 37.5°C. with 250 ec. of 
alcoholic potash, 1500 ce. of water were added, and the material 
reextracted several times with ether. After removal of the ether, 
169 gm. of total unsaponifiable matter were obtained. This was 
designated as Concentrate 1. 

The total unsaponifiable matter was dissolved in 1500 cc. of 
ethyl alcohol by warming to 55-60°C., and the material was al- 
lowed to cool at 3°C. overnight. The crystals of sitosterol were 
filtered off, redissolved, and allowed to recrystallize at 3°C. over- 
night. By this procedure 107 gm. of sitosterol were obtained from 
169 gm. of total unsaponifiable matter. The material insoluble 
in ethyl alcohol was labelled Concentrate 2. 

The ethyl alcohol-soluble portion was marked Concentrate 3. 

Takahashi and Kawakami (7) employed methyl alcohol in con- 
centrating “biosterin,” their concentrated preparation from cod 
liver oil. Evans and Burr (8) have also used methyl] alcohol, 
and in addition pentane, with success in the further removal of 
sterols from the unsaponifiable matter of wheat oil. After the 
use of ethyl alcohol, pentane followed by warm absolute methyl 
alcohol was employed in the further fractionation of the unsaponi- 
fiable matter from the acetone extracts of wheat germ outlined 
here. 
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The ethy] alcohol-soluble portion, weighing 62 gm., was dis- 
solved in pentane and cooled overnight at 3°C. After recrystal- 
lizing from pentane, 10 gm. of material were secured, insoluble 
in that solvent. This constitutes Concentrate 4. 

The pentane-soluble fraction, designated Concentrate 5, weigh- 
ing 52 gm., was dissolved in methyl alcohol by warming and 
allowed to cool at 3°C. overnight. The crystals were filtered off 
and the operation repeated. The material insoluble in methyl 
alcohol (17.3 gm.) represents Concentrate 6. 

The fraction soluble in methyl alcohol (34 gm.) constitutes 
Concentrate 7. 

Recently Dubin and Funk (9) have reported the use of acetic 
acid as a very valuable aid in the preparation of a highly concen- 
trated product of vitamins A and D from cod liver oil. Em- 
ploying acetic acid, we have adopted the following procedure.! 
The acetone-soluble portion from 100 pounds of wheat embryo 
was dissolved in 25 pounds of glacial acetic acid. 1} pints of 
distilled water were added a little at a time while mixing. Ma- 
terial was allowed to stand and the oil was separated by decant- 
ing. Three glacial acetic extractions were made in this manner. 
The acetic acid was evaporated in vacuum and the oil saponified 
at 37.5°C. according to the technique already described. The 
methyl alcohol-soluble portion, which was the only fraction 
tested, represents Concentrate 8. The yield from 10 pounds of 
wheat oil, was 5.07 gm. 

The concentrates were dissolved in ether and evaporated on 
dextrin, which carried the various fractions of unsaponifiable 
matter in the rations. In certain experiments, described later, 
the concentrates were carried by cod liver oil. 

Table I shows that the lactation-promoting as well as anti- 
sterility properties of wheat oil, described in the preceding paper 
(10), are found in the unsaponifiable matter from that oil. 

Concentrate 1.—It will be noted that the introduction of 0.1 
per cent of the total unsaponifiable matter, corresponding to 3.0 
per cent of acetone extracts of wheat embryo, in the basal ration 
not only prevented sterility, but also induced successful rearing 


1 The various fractions of unsaponifiable matter from wheat oil were 
prepared by E. H. Stuart of Eli Lilly and Company Research Laboratories, 
Indianapolis. 


{ 
4 
i 
i 
4 
Z 
| 


Matter of Wheat Oil to 


TABLE IL. 
Effect on Lactation of Addition of Various Concentrates of Unsaponifiable 
Basal Reproduction-Deficient Diet. 
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of young. In order to determine the potency of the various 
concentrates, they were studied simultaneously with the oil 
used as a base for fractionation. ‘The incorporation in the re- 
production-deficient ration of 0.1 per cent of a similar prepara- 
tion saponified from acetone extracts of a different lot of wheat 
germ, showing inferior lactation-promoting properties, resulted 
in the weaning of only five out of eleven young. Reducing the 
concentration to 0.05 per cent still permitted the birth of young 
and three females attempted to rear their litters. One female 
nursed three young until the 20th day, at which time they col- 
lectively weighed 95 gm., but all died the next day. Another 
female reared six young at a normal rate until the 16th day. On 
the 17th day one young died; on the 19th day two more were 
lost, and the remaining three succumbed during the following 2 
days. The third female failed during the Ist week of lactation. 
Even on 0.03 per cent of this concentrate in the diet one mother 
reared for 16 days four out of six young given her to nurse. 
They were then reduced in number and all died before the 21st 
day. One female had only three young which appeared pale and 
emaciated. The third female resorbed her young. 

Concentrate 2.—None of the three females that received 0.1 per 
cent of this product (which is the sitosterol fraction) in the ration 
showed any signs of advanced pregnancy. 

Concentrate 3.—This is the ethyl alcohol-soluble portion of the 
total unsaponifiable matter. On 0.03 per cent of this fraction in 
the basal ration three mothers reared collectively eighteen young at 
a normal rate until the 17th day of the nursing period. On the 
18th day two litters began to fail markedly and all the young died 
before the termination of the lactation period. One female, 
however, weaned five out of six young on the 27th day. 

Sterility on the basal diet was prevented by as little as 0.01 
per cent of Concentrates 4 or 5. Increasing the concentration of 
Fraction 5 from 0.01 to 0.02 per cent resulted in considerable 
improvement in lactation, although none of the young were 
weaned. 

It is quite clear that Concentrate 7 is the most potent fraction. 
On 0.03 per cent of this preparation in the reproduction-deficient 
diet two litters of twelve young were weaned in 24 days. 

After completing the series of experiments with the different 
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preparations of unsaponifiable matter from wheat oil added in 
various concentrations to the basal diet, a quantitative study of 
the same problem was undertaken. Since cod liver oil was found 
deficient in the reproductive factor, various concentrates from 
wheat oil were incorporated in cod liver oil and administered by 
pipette daily to each animal. Concentrate 1, which contained 
the sitosterol, formed a fine suspension in the cod liver oil, while 
all ethyl alcohol-soluble fractions went completely into solution 
in that oil. The cod liver oil-containing concentrates were thor- 
oughly stirred before using so that each animal received a quan- 
titative allowance of vitamin which was consumed very readily. 
Such a method of study necessarily involved the removal of cod 


TABLE II, 
Effect of Administering Cod Liver Oil Separately from Basal Diet. 
2 

3 | | 2 

12 | 64 | 46 | 34 0 3 —- | 0.3 ce. of cod liver oil 

(Post mortem.) daily to each ani- 

mal, 


liver oil from the basal ration. It was then for the first time 
observed that some females carried their young to term, although 
a few cases of resorption were encountered. Such observations 
were then extended to a larger number of animals, the results of 
which are recorded in Table IJ. Out of thirty-four young al- 
lowed to be reared none, however, were weaned. The number 
of young born dead was considerable and most of the infant mor- 
tality occurred during the first 3 to 4 days of lactation. Since 
the main interest in this study was to investigate the possible 
lactation-promoting properties of the unsaponifiable matter 
from wheat oil, I then proceeded, without attempting to clear up 
the peculiarities of the fertility phase of the work, to administer 
the various concentrated preparations of wheat oil separately 
from the ration in a quantitative manner. It was calculated 
from food consumption records that our experimental animals 
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were receiving about 0.3 cc. of cod liver oil daily. All of the 
control animals were, therefore, allowed that amount daily, and 
the experimental animals were given a specific number of mg. of 
the wheat oil concentrates introduced in 0.3 cc. of cod liver oil. 

Six females that received 0.3 cc. of cod liver oil daily in addi- 
tion to the 2 per cent of that oil contained in the basal ration 
produced a record of sterility. Only one of them manifested signs 
of advanced pregnancy but that female resorbed her young as in- 
dicated by postmortem examination. Table III very clearly 
shows that, while the administration of cod liver oil separately 
from the basal ration leads to fertility, no success in lactation is 
secured, unless the cod liver oil carries certain potent preparations 
of unsaponifiable matter from wheat oil. 4 mg. of Concentrate 
7 administered daily to each animal were sufficient for the weaning 
of 74 out of 100 young; while 2 mg. per animal per day of the same 
preparation allowed the weaning of only nine young out of 60. 
Reducing the dosage of Concentrate 1 from 18 to 7.5 mg. daily 
to each animal increases the infant mortality during lactation 
from 38 to 100 per cent. We have here, therefore, additional 
evidence of the lactation-promoting properties of the unsaponi- 
fiable matter from wheat oil. 

Concentrate 8, prepared by initial extraction of the acetone 
extracts of wheat embryo with glacial acetic acid does not ap- 
proximate the potency of Concentrate 7. It is significant, how- 
ever, that as little as 1 mg. per animal per day was sufficient to 
prevent sterility in two females out of three that received the 
sterility ration containing cod liver oil. One female gave birth 
to a litter of ten and attempted until the 16th day to rear the 
six young allowed her. On the 17th day one young died and the 
rest of the litter suecumbed during the next few days. Another 
female on the same ration had only four young. On the 3rd day 
she reduced them to three, and these failed towards the termina- 
tion of the lactation period. The additional amount of cod liver 
oil these mothers received separately from the ration did not en- 
able them to wean their young. 

During the progress of this work Anderegg and Nelson (11) 
have made a preliminary report on their failures in reproduction 
on skimmed milk powder diets. They state that a skimmed 
milk powder diet containing cod liver oil undergoes decomposi- 
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TABLE III. 
Lactation-Promoting Properties of Various Wheat Oil Concentrates. 


5 
‘ 


| 
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Concentrate 
No. 
Females. 


19 


16 


10 


Young born. 


11 


to 


16 


130 


92 


14 


42 


Young born 
alive. 


11 


16 


83 


14 


32 


Young allowed 
to be reared 


10 


or 


Young 
weaned. 


Remarks. 


30 


per 
cent 


74.0 


Cod liver oil left in basal ration; 
0.3 ce. of that oil daily to each 
animal. Total sterility; one 
resorption. 


Cod liver oil left in ration; 0.3 ce. 
oil, containing 18 mg. of concen- 
trate, daily to each animal. 


Cod liver oil removed from ra- 
tion;0.3 ec. of that oil, contain- 
ing 1S mg. of concentrate, per 
animal per day. 


Cod liver oil removed from ra- 
tion; 0.3 ec. of that oil, contain- 
ing 7.5 mg. of concentrate, per 
animal per day. Ore female 
sterile. 


Cod liver oil left in ration; 0.3 ce. 
of that oil, containing 4 mg. of 
concentrate, per animal per day. 


Cod liver oil removed from ra- 
tion: 0.3 ec. of that oil, contain- 
ing 4 mg. of concentrate, per 
animal per day. 


Cod liver oil removed from ra- 
tion; 0.3 ec. of that oil, con- 
taining 2 mg. of concentrate, per 
animal per day. 


2 per cent cod liver oil left in ra- 
tion; 0.3 ec. of that oil, contain- 
ing 1 mg. of concentrate, per 
animal per day. Two females 
made attempts to rear their 
young; one female sterile. 


Cod liver oil removed from ra- 
tion; 0.3 cc. of that oil, contain- 
ing 1 mg. of concentrate, per 
animal per day. 
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tion which can be prevented by the addition of water in such 
diet, and also by the removal of cod liver oil from the ration. By 
administering cod liver oil separately from the ration these authors 
claim to have succeeded in rearing second generation animals in 
the absence of the reproductive factor. Since the composition 
of their complete ration is not stated, it is Impossible to review 
their work here. 

My results on the removal of cod liver oil from the basal ration 
have been presented. Table IV shows the results secured by the 
additions of distilled water, incorporated at different planes of 
intake, to the skimmed milk powder sterility-producing diet. 
Nine females that received 1, 2, or 3 per cent water in the basal 


TABLE IV. 
Effect of Addition of Various Amounts of Distilled Water to Basal Ration 
5 os | Of 

10.0) 3 6 4 4 0 | Two females showed no signs of ad- 
vanced pregnancy. 

5.0; 6 | 18 7 6 0 | Three females showed resorptions, de- 
termined by postmortem examina- 
tions. 

3.01 3 i) 0 0) 0 No signs of advaneed pregnancy. 

2.0| 3 0 0 0 0 


ration showed no signs of advanced pregnancy. On the 10 per 
cent water-containing ration one female out of three gave birth 
to a litter of six, two of which were dead on delivery. Out of 
six females on the 5 per cent water-containing ration, there were 
three resorptions as determined by postmortem examination. 
The other three females had three litters of eighteen young, eleven 
of which were born dead. Of the three fertile females, one had 
a litter of five dead young; another had four young, three of which 
were born dead; and the third a litter of nine, three of which were 
delivered dead. Only one female attempted to rear a litter of 
six given her to nurse, but all the young died some time during 


the lactation period. 


f 
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Neither the removal of cod liver oil from the basal diet nor the 
addition of water to the same ration has resulted in any weaning 
of young. 

Skimmed milk powder contains 1.2 to 1.5 per cent residual milk 
fat, which may be of a different biological value than the fat 
removed by centrifugal force. While a large number of experi- 
ments on ethereal extracts of butter have been performed, suffi- 
cient data have not yet been accumulated to warrant publication 
of results. From work completed so far it appears, however, that 
butter fat does possess lactation as well as antisterility proper- 
ties, but not to any extent approximating the potency of wheat 
oil. On a synthetic diet consisting of casein, 15.0; lactalbumin, 
3.0; agar-agar, 2.0; Salts 32, 4.0; dextrin, 76 carrying alcoholic 
extracts of wheat embryo; and 0.3 ec. of cod liver oil administered 
daily to each animal separately from the ration, resorptions were 
obtained. The addition of 1 per cent of an ethereal extract of 
butter to such a ration resulted in fertility. One female out of 
two gave birth to a litter of three young, which were however dis- 
posed of by the mother on the 2nd day. Whether or not the 
removal of cod liver oil from the basal skimmed milk powder diet 
renders the residual milk fat contained in it available I am as yet 
not prepared to say. The suggestion of Sugiura and Benedict (12) 
that protein-free milk contains a substance which is needed for 
suitable milk production by the mother may be considered in this 
connection. The fact that the addition of as little as 0.1 per cent 
of unsaponifiable matter from wheat oil to the basal ration con- 
taining cod liver oil prevents sterility and that as much as 3 per 
cent of water is altogether ineffectual in producing the same re- 
sults is quite clear from the experimental evidence presented in 
this paper; also that 0.03 per cent of a concentrate (No. 7) from 
wheat oil, practically free from sitosterol, was potent enough 
not only for fertility but induced successful lactation, so that two 
litters of twelve young were weaned on the 24th day of the suckling 
period. 


Stability of the Reproductive Factor towards Heat and Oxidation. 


Although the observations on this phase of the work on repro- 
duction are considered essentially preliminary in character, the 
results so far secured are of interest. Table V shows that ethe- 


é 
be, 
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real extracts of wheat embryo, after being autoclaved for 2 hours 

at 20 pounds pressure, when added to the basal ration produce no 

TABLE V. 

Stability of the Reproductive Dietary Complex towards Heat and Oxidation 
The oil used was obtained by extracting wheat embryo with ether. 


| Ver cent. 


3.0 


3.0 


1.0 


1.0 


3.0 


3.0 


Mothers. 


Young born. 


17 


Young born 
alive, 


16 


18 


Young allowed 


36 


16 


18 


18 


1S 


to be reared, 


Remarks. 


Young 
weaned, 
per 
cent 
36 |100.0 
15 63.0 
15 94.0 
10 55.0 
4 22.0 
17 95.0 
2 16.0 


Untreated. 


Heated 2 hrs. at 20 lbs. pressure. 
Large litters were cast; two of 
12 young; one of 11, one of 8. 
One fernale lost her litter early 
in lactation and was rebred. 
4 out of 6 of her second litter 
weaned. 


— 


vr. old. Tightly stoppered in 
dark bottle. 


Untreated. 
Heated 3 hrs. at 15 lbs. pressure. 


Aerated 12 hrs. with air pump; 
then air from electric fan 
passed through for 72 hrs.; all 
aeration at room temperature. 


One female disposed of young 
soon after delivery. Two fe- 
males reared young’ success- 
fully until 18th to 19th day of 
lactation. Then reduced them 
daily and weaned only 2 out of 12. 

Aerated with air pump for 24 hrs. 
at 85-90°C. 


injurious effects on fertility, but do produce a decidedly injurious 
Although wheat oil aerated at room tempera - 


effect on lactation. 


| 
‘| 
| 50 | 50 
| 
- 
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ture for 12 hours with an air pump and subsequently for 72 hours 
with an electric fan, when added to the reproduction-deficient 
diet did not affect lactation, the incorporation in the basal diet 
of a preparation of wheat oil aerated for 24 hours at 85—90°C. 
resulted in the weaning of only two out of twelve young. It 
seems that in wheat oil we are dealing with two unidentified 
dietary factors, one labile and the other stable towards heat and 
oxidation. 


Storage of the Reproductive Factor. 


The fact that some success was secured by administering con- 
centrates of wheat oil to mothers whose litters were failing during 
the middle of the lactation period on the basal ration containing 
5 per cent palm oil and also on the basal diet containing | per cent 
wheat oil, suggested a further study of the problem. <A continua- 
tion of this phase of reproduction was rendered possible by in- 
vestigating the matter of storage. By transferring females from 
the stock diet to the experimental reproduction-deficient diet 
at the time of breeding, during pregnancy, and at various stages 
of lactation some information was obtained concerning storage of 
the reproductive factor from the standpoint of lactation as well 
as fertility. 


Stock Diet. 


Liberal supply of whole milk daily. 


Reproduction-Deficient Diet.* 
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* Experimental ration used throughout this study. 

+ During growth the Harris yeast vitamin is administered as follows: 
lst month, 0.4 per cent; succeeding 4 to 6 weeks, 0.5 per cent; and from time 
of breeding until termination of lactation period, 1.0 per cent. 


On the above stock diet females rear litters of nine young, and 
each young attains a weight of 40 gm. or over on the 21st to the 
25th day of the lactation period. On the experimental ration in 
which 3 per cent of wheat oil is allowed to replace an equivalent 
amount of dextrin, similar success in lactation is secured when the 
litters are reduced to six in number. 

Two females that reared two litters of twelve young normally 
on the basal ration containing 3 per cent of an acetone extract of 
wheat embryo were rebred, at which time the wheat oil was 
removed from the ration. One female gave birth to a litter of 
eight young (one dead). The six allowed her to nurse were re- 
duced to three on the 4th day, and the remaining three all dis- 
appeared on the following day. The second female had eleven 
young, and was able to nurse six young so they collectively weighed 
180 gm. on the [8th day of lactation. On the 19th day the litter 
showed a gain of only 4 gm. during the preceding 24 hours. and 
on the 20th day three dead young were found. On the 22nd day 
another young d-ed and the rest of the litter entirely failed on 
the 25th day. 

Female 3305, which was rearing her third litter of nine young 
on the stock diet was placed on the experimental diet on the 
16th day of lactation, at which time the young collectively weighed 
198 On the 25th day the litter was weaned, having reached 
a weight of 355 gm. but the mother lost 10 per cent of her body 
weight during the experimental period. The same female was 
rebred on the reproduction-deficient diet and gave birth to a 
litter of eight young, but disposed of her litter on the 3rd day. 

Another female transferred from the stock diet on the 18th day 
of lactation to the experimental ration also succeeded in weaning 
a litter of nine young. This litter was weaned on the 25th day 
hut the mother lost 12 per cent of her weight during the 7 days 
the experimental period. 


— 
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TABLE VI. 

Lactation record of two females (first breedinz) removed from stock 
diet on Jan. 8, 1925, and placed on experimental diet. Regardless of the 
number of young born, each mother was allowed nine to rear. If the num- 
ber was below nine, the mother was given the actual number of voune born. 


Female! Female 
Date. | Litter. Female ] 


| sitter. Remarks. 


Jan. | qm. gm. | gm. gm. 
8 | 220 | 275 | 
9 | 299 | 275 | 
10 | 998 | 278 | 
11 237 | 278 | 
12 | 241 | 42 | 
| | (9 young.) | 
13 | 251 | 48 
14 | 258 | 53 | 
15 | 266 | 63 | 
16 | 44 | | 
| (10 young.) | | | 
17 | | | 
is | 56 | | 93 | 
20 | 215 | 78 | 202 | 115 | 
2 | 93 | | 135 | 
23 16 148 | 
| 137 | 167 
26 «| 227 | 154 | 212 | 180 
| 170 182 
23 | 1&2 
Wt 208 | 13300) Administered 0.5 ec. of ethereal ex- 
| | traet of wheat germ to mothers by 
| | ~pipette. 
30 | 222 17s L107 136 | Additional 0.5 ce. of wheat oil to 
| mothers. 
193 203 
| IS6 191 | 209) ||: 0.5 ec. of wheat oil to mothers. 
2 {212 | 200 | 220 | 241 
4 | 217 224 190 202 
| 259 | 179 299 
7 | 197. | 287 | 187 | 318 
10 | 205 | 337 | 195 | 333 | 
| 214 | 361 | 201 | 393 | 


id 
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When females are transferred from the stock to the experi- 
mental diet during the latter part of pregnancy, healthy, vigorous 
litters are born, but the young began to fail during the 13th to 
the 15th day of lactation. As shown in Table VI, two litters 
were saved by administering small amounts of ethereal extracts 


TABLE VII. 
Record of two females (first litters) removed from the stock diet 
during latter part of pregnancy, kept on the same diet until birth of young, 
and then changed to the reproduction-deficient ration. 


Date. Litter. Litter. Remarks. 
Jan. gm. gm. gm. gm. 
8 254 250 
9 263 267 
10 269 275 
1] 195 (8 37 232 (13 42 
young.) young.) 
12 196 40 41 
13 43 (7) 48 
14 51 55 
15 197 59 222 66 
16 6S 75 
18 187 83 97 
20 93 119 
22 104 141 
23 112 149 
25 128 158 
26 189 131 162 
27 130 153 (8) 
28 187 132 197 155 (8) 
29 133 154 Administered 0.5 ce. 
wheat oil to mothers. 
30 170 135 192 153 Administered 0.5 ce. 
wheat oil to mothers. 
31 192 130 (7) | 227 152 
Feb. 
1 153 128 183 153 


of wheat embryo to the mothers. While I have been able to re- 
peat this experiment with three more litters of young, I found it 
is possible to do so only when mother and young are still in a 
fair physical condition. Table VII illustrates this point. The 
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injury Females 3296 and 3297 and their young received due to 
the depletion of the lactation factor was probably irreparable. 
The recovery of litters, due to the administration of small 
amounts of wheat oil to their mothers I have determined is not 
associated with increase of food consumption. 
TABLE VIII. 
Growth of two litters of young of two females that received stock diet 
throughout gestation and lactation periods. 


Date. Female 3302. Litter. Female 3303. Litter. 
Jan. gm. gm. gm. gm. 
S 246 267 
250 283 
10 193(8 young. ) 43 288 
11 50 297 
12 57 309 
13 67 316 
14 76 326 
15 200 89 264 (9 young. ) 42 
16 98 48 
18 123 67 
20 146 91 
22 170 121 
23 183 133 
25 203 157 
27 220 178 
28 228 194 
29 238 204 
30 254 217 
Feb. 
1 294 240 
2 224 308 277 256 
3 218 320 277 265 
+ 222 336 294 276 
5 290 
6 307 
7 322 
8 390 
9 272 380 


Table VIII shows the normal growth of two litters of two 
females that received the stock diet throughout the gestation and 
lactation periods. 

The following is the record secured with four mature females 
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transferred from the stock diet and bred (first mating) on the 
reproduction-deficient diet. Female 3281 gave birth to a litter 
of ten young. The six young given her fo rear were reduced to 
five on the 3rd day and the remaining young were all disposed of 
on the 6th day. Female 3282 had seven young (one dead). The 
whole litter of six was found dead on the 2nd day. Female 3284 
had only two young which were born dead. Female 8285 had a 
litter of nine young and the six allowed her to nurse all died on 
the 2nd day. 

In connection with studies conducted during 1921 on the syn- 
thetic capacity of the mammary gland towards the pyrrolidine 
nucleus of the protein molecule (unpublished data) similar tech- 
nique was used to that employed in the investigation of storage 
of the reproductive factor. The experimental rations, however, 
were made up of purified focd substances, which had the following 
compesition. 


Ration 268, Ration 269, 


* Dextrin carried hot aleoholic extracts of 40 gm. of ether-extracted 
wheat embryo. 


It will be noted that these two synthetic diets contain a variable 
constituent, namely proline; still, when pregnant stock females 
were transferred to these rations the results on lactation were the 
same. ‘The mothers gave birth to large litters of healthy young 
and were able to rear litters of six young successfully until the 
13th to the 16th day of lactation, at which period failure in milk 
secretion began and none of the young were weaned. At that time 
the existence of a reproductive factor was not appreciated. It is 
now apparent that the failure in lactation on the synthetic diets 
given above must be associated, at least in part, with the fat- 
soluble reproductive dietary complex. 
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DISCUSSION. 


Experimental evidence is presented in this paper showing that 
the lactation-promoting properties of wheat oil are found in the 
unsaponifiable matter from that oil. 0.03 per cent of the unsapon- 
ifiable matter, freed from sitosterol as much as possible with 
ethyl alcohol, methyl alcohol, and pentane, added to a sterility- 
producing diet was adequate not only for the birth of normal 
litters but also for the successful rearing and weaning of the 
young. 0.01 per cent of a concentrated preparation from wheat 
oil was sufficient to prevent resorption. The requirement of the 
unsaponifiable matter from wheat oil was found considerably 
greater for lactation than that necessary to prevent sterility. 
This has been determined on a large number of animals in a 
quantitative manner. Employing 35 females, 74 out of 100 
young allowed to be reared were weaned on 4 mg. of Concentrate 
7 administered daily to each animal; while only 9 out of 60 young 
were weaned on the same concentrate when the dosage was 
reduced to 2 mg. per day. 

Evans and Burr have recently reported that fat-soluble EF, 
the antisterility vitamin is contained in the non-sitosterol frac- 
tion of the unsaponifiable matter from wheat oil, employing their 
casein synthetic diets; and since it has been determined that on 
the skimmed milk powder diets the same type of sterility is en- 
countered as that reported by Evans and his coworkers, it is 
conclusive that I am dealing with one and the same organic 
complex that possesses lactation-promoting as well as antister- 
ility properties. 

I:vans and Burr (5) further state that the antisterility factor is 
stable towards heat and oxidation and that females have con- 
siderable capacity for storing that factor. The results reported 
in this paper show that considerable infant mortality is encoun- 
tered by heating wheat oil, particularly in the presence of air. 
While ethereal or acetone extracts of wheat embryo added to 
the skimmed milk powder reproduction-deficient diet always 
allowed 95 per cent of success in lactation, similar preparations 
of wheat oil heated for 24 hours at 85—-90°C, in the presence of 
a current of air added to the basal diet produced very deleterious 
effects on the rearing of young. The data submitted in Table V 
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suggest on the one hand a complex essential for fertility which is 
stable; and on the other hand, a second factor associated with 
the former in wheat oil essential for milk secretion, which is rather 
labile. This problem is being studied further with synthetic 
diets composed of purified food substances. 

Evans and Burr (5) have also stated that the female rat pos- 
sesses a capacity of storing the antisterility factor to a certain 
extent. I am of the same opinion but in addition this work in- 
dicates that in the storage of the reproductive factor there is 
associated a hitherto unrecognized fat-soluble lactation factor, 
and that the nursing mother has only a limited capacity for stor- 
ing the reproductive complex for successful mammary gland 
function. By transferring females at a period of advanced preg- 
nancy from the stock to the reproduction-deficient diet large, 
vigorous litters are born, and normal rearing of young takes place 
until the 13th to the 16th day of lactation. At this period the 
litters begin to fail quite markedly. When, at the critical point 
of failure, which can be determined by the very small gains in 
weight made by the litters compared with controls on the stock 
diet, 0.3 to 0.5 ce. of ethereal extracts of wheat embryo are ad- 
ministered to the nursing mothers, responses are obtained in 
48 hours. The mothers, instead of catabolizing part of their 
tissue, in order to prolong milk flow, regain their weight lost during 
the lactation period and are able to wean their litters of young. 


Reproduction on Synthetic Diets. 


Since the completion of all the experimental work submitted 
in this and the preceding two papers, success in lactation has 
been secured on the following synthetic ration. 


Casein (Harris, free from vitamins Aand B).................. 15.0 
extract of wheat embryo... 3.0 


* Dextrin carried alcoholic extracts of wheat embryo as a source of 
vitamin B. 


| 
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On a similar ration, containing commercial casein, 40 days 
after the beginning of the experiment, the wheat oil and cod 
liver oil were removed from the ration. This procedure was im- 
mediately followed by daily administration to each animal of 
0.3 ee. of cod liver oil containing 4 mg. of a concentrate of un- 
saponifiable matter from wheat oil, which during the progress 
of this experiment was found to be deficient in lactation-promot- 
ing properties. One female gave birth to a litter of five young 
which were disposed of in a few days. Two females on the same 
ration, however, attempted to rear litters of six young which 
were nursed at an abnormal rate early in lactation. One litter 
of six on the 6th day weighed only 44 gm. and during the succeed- 
ing 48 hours gained only 4 gm. A change was then made in the 
ration, replacing 3 per cent dextrin by 3 per cent of an ethereal 
extract of wheat embryo. The litter gained 17 gm. during the 
following 48 hours, and four out of six young were weaned on the 
29th day of lactation. The litter of the other female made similar 
responses and five out of six young were weaned in 31 days. 

Five litters of young have since been weaned on similar rations 
containing purified casein. In the absence of wheat oil reproduc- 
tion on the synthetic diets was a failure. On the latter rations 
I have encountered no signs of advanced pregnancy, resorption, 
or first litters of a few emaciated young that would not survive 
3or4days. The synthetic diet given above has as yet not proved 
adequate for rearing of young at a normal rate, but when per- 
fected, will offer 1 more quantitative method of pursuing the 
lactation phase of investigations on the reproductive dietary 
complex. 


SUMMARY. 


1. Experimental evidence has been presented in this paper 
showing that the reproductive dietary complex, which I termed 
vitamin E, possesses lactation-promoting as well as antisterility 
properties. 

2. Studies on the stability of the reproductive factor towards 
heat and oxidation suggest the possibility of wheat oil containing 
two fat-soluble dietary factors, one thermostable possessing anti- 
stenlity properties, and the other thermolabile possessing lacta- 
tion-promoting properties. 
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3. Results of studies on storage of the reproductive factor fur- 


nish further suggestive evidence for the existence of two fat- 
soluble factors in wheat oil, one essential for lactation and the 
other for fertility. 


4. A synthetic diet composed of purified food substances has 


been reported, on which five litters of young have been weaned ut 
an abnormal rate. ‘This diet, when perfected, will offer a medium 
for further quantitative studies of the lactation problem. 
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THE COMPARISON OF THE ELECTROMETRIC AND COL- 
ORIMETRIC METHODS FOR DETERMINATION OF 
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In the contemplation of studies on the hydrogen ion concen- 
tration of the infant’s gastric secretion, it was decided, at the sug- 
gestion of Dr. D. W. Wilson, to investigate first the accuracy of 
the colorimetric method for determining the pH of gastric contents. 
~ince there has been some question as to its accuracy (1, 2) it was 
decided to compare the colorimetric method with the electrometric 
method before making either the basis of any considerable amount 
of work. 

The importance of the hydrogen ion concentration of gastric 
juice may be considered from three aspects: (1) its effect on the 
activity of the gastric enzymes, (2) its effect on the bactericidal 
powers of gastric Juice, and (3) its effect on intestinal secretion 
and digestion. 

The activity of the enzymes in gastric juice (3-8) is so intimately 
associated with the hydrogen ion concentration of that fluid that 
differences of 0.5 to 1.0 pH! will make appreciable differences in 
their rate of activity. For this reason if the hydrogen ion con- 
centration cannot be estimated with an accuracy of at least 0.5 
pl, the results obtained will not be adequate to give a correct idea 
of gastric digestion. Increasing importance is being attached to 
the concentration of hydrogen ions in its réle of disinfecting the 
gastric contents (9-13) or at least in its inhibitery action on the 
growth of bacteria. Finally, physiology has long postulated the 


* \ brief report of this paper is given in the Proceedings of the Physio- 
logical Society of Philadelphia, Am. J. Wed. Se., 1925, elxx, 926. 
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importance of the acid chyme in stimulating the secretion of the 
pancreas, liver, and intestines (14-17). For proper intestinal 
digestion a sufficiently acid gastric juice is very helpful, if not 
essential. These considerations emphasize the importance of 
accuracy in the pH determination of gastric contents. 

Many determinations have been reported, but the vast majority 
of them were carried out colorimetrically because of the ease of 
determination and the assumption that the colorimetric method 
was sufficiently accurate (18-20). Michaelis and Davidsohn (21- 
23) from electrometric comparisons decided that the colorimetric 
method was roughly accurate for gastric contents, and Christian- 
sen (24) came to the same conclusion. None of these authors gives 
any specific data on which to base his conclusions. Shohl and 
King (25), however, investigating the range of pH 1 to 3, give 
definite figures. Their colorimetric readings checked the electro- 
metric determinations to within 0.1 pH in eleven different 
comparisons. 

In order to obtain more information over a wider range of 
acidity, the experiments reported below were made. 


Methods. 


The electrometric determination of the pH is generally accepted 
as the most accurate method available. The agreement between 
the results obtained by such different methods as the hydrogen 
electrode and the quinhydrone electrode furnishes strong evidence 
for the accuracy of the electrometric method. There is also reason 
to expect that the hydrogen electrode when applied to gastric 
contents will be as accurate as it is when applied to blood, where 
its accuracy is accepted. It is well known that the colorimetric 
pH determination is subject to several possible errors. The effects 
of protein and salts on the indicators have been frequently pointed 
out (26). To these errors must be added those frequently intro- 
duced by the precipitation of the indicator on its addition to the 
unknown specimen, and the difficulty of reading opalescent and 
semiopaque solutions, where the color of the indicator is partly 
obscured, and where the color obtained is frequently qualitatively 
different from that of the standard color solutions. Obviously 
therefore, standardization of the colorimetric method against the 
electrometric method is important. 
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Standard apparatus with a saturated calomel electrode, a 
saturated KCl bridge, a Clark electrode vessel, and a Leeds and 
Northrup student potentiometer, and a galvanometer was used. 
Newly plated platinum electrodes were used each day and the 
systems were checked by using phosphate or other buffer solutions, 
the pH of which had been standardized against 0.1 N KCl. All 
the determinations were made in duplicate, using different 
electrodes and electrode vessels, except for the first few experi- 
ments, and the results were not accepted unless the duplicates 
agreed to within 0.05 pH. In the early part of the work difficulty 
was encountered from “drifting” of the electrode, but this was 
found to be entirely avoided if the electrodes were frequently 
replated. NReplating after every two or three determinations was 
found to be sufficiently frequent. 

The colorimetric system used was that recommended by Clark 
(27). The indicators were thymol blue, brom-phenol blue, methyl 
red, brom-cresol purple, and phenol red. The buffer systems were 
hydrochloric acid and potassium chloride, hydrochloric acid and 
potassium acid phthalate, acetic acid and sodium acetate, and 
mono- and dipotassium phosphates. The standard buffer solutions 
were made up at intervals of 0.2 pH except between pH 5 to 6 and 
7 to 8 where the interval was 0.3 pH. Every buffer solution except 
the phthalate series was standardized electrometrically. The 
indicators and the buffer solutions were kept in the ice chest 
except when in use. Every month a few solutions in each buffer 
system were retested electrometrically to be sure that no signifi- 
cant changes in pH had occurred. Every precaution was taken 
to make the colorimetric readings as accurate as possible, including 
the use of a comparator block, and the preparation daily of fresh 
standard color solutions. The colorimetric determinations were 
also made in duplicate and not accepted unless the duplicates 
checked to within 0.1 pH. 


Material and Methods of Study. 


The material studied consisted of over 100 different samples of 
gastric contents obtained by cooperation of the local hospitals. No 
attention was paid to the diseased condition of the patients from 
whom they came, it being merely stipulated that the specimens be 
uncontaminated gastric contents less than 24 hours old. Special 
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Comparison of the Colorimetric and Electrometric Determinations in the 


pH of Gastrie Contents 


TABLE I. 


Unaltered, Centrifuged, and Filtered Specimens. 


Specimen | 


No. 


| Unaltered. | Centrifuged., 
Colorimetric! FElectro- |Colorimetric! Flectro- 
| pH. metric pil. | pHi. metric pH, 
| | | 
1.9 
| 
| 
| 
7 2.0 1.84 
1.9 1.86 
1.9 1.89 | 
2.02 
| 
| 1.9 
2.07 
| | 
27 | 2.46 
3.6 2.61 | 
3.7 3.02 | 
4.3 3.52 4.2 3.58 
4.1 3.52 
4.3 3.92 4.1 3.66 
5.1 4.6 4.25 
4.9 4.49) 4.8 4.57 
5.4 4.42 49 4.40 
4.1 4.46 4.3 4.40 
6.6 4 60 6.6 5.00 
6.3 5.10 | 
5.2 5.13 
5.3 5.73 5.8 5.88 
5.4 5.44 
5.7 5.82 5.7 5.81 
7.50 
6.9 7.62 


Filtered. 


‘Colorimetric Electro- 


| 


pli. 


to 
— 


RS 
~ 
*. 
We 


4.7 


6.0 


| metric pH. 


1.86 


6.00 


6.05 


— 


— 
i8 
| 
3 | 1.3 1.45 
24 
22 1.6 
19 | 1.8 1.98 
| 
| 
28 | 
12 | 1.9 1.99 | 
27 | 
2) | 1.99 
20 | 1.04 | 
8 | 2.08 
}-< 
9 7 
10 | 2 40 
14 2.29 
*) 
34 
21 | 
32 | 
18 | | 4] | 3.71 
29 | | 
24 | | | 4.13 
| | 4.04 | 
oF | 
| | 
33 | 
| | 
. 40) | | | 
| 
23 
| 
40 | | 
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effort was made to obtain specimens covering the whole range of 
gastric acidity, pH 1 to8. 

If the size of the sample permitted, it was divided into three 
fractions. One was left unaltered, another was centrifuged, and 
the last filtered. Each of these fractions was studied in duplicate 
for its free hydrochloric acid, total acidity, and pH. The results 
of the pH determinations, both colorimetric and electrometric, 
of the undiluted specimens are given in Table I. 

Irom inspection of this table, differences are evident between 
the colorimetric and electrometric plHl determinations on the 
same specimen. It is seen that below pH 3.0 the electrometric and 
colorimetric results are more in accord than above this figure. The 
differences below pI13.0 are never more than 0.5 pH and are usually 
considerably less. Above pH 3.0 the agreement is very variable, 
differences of 1.0 pH being common and greater differences not 
uncommon, although good checks occasionally occur. 

There are slight but definite differences between the filtered, 
centrifuged, and unaltered fractions of the same specimen. The 
pH of the centrifuged fraction fell to one side of the unaltered 
fraction, and the filtered one further on the same side. Generally 
the unaltered fraction was most acid, but when considerable mucus 
was present it was usually least acid. The entire difference is 
usually less than 0.2 pH, but in several instances amounts to as 
much as 0.5 pH. 

The colorimetric pll determinations of the centrifuged and 
filtered fractions generally agree more closely with the electro- 
metric reading on the same fraction, and with the electrometric 
pli of the unaltered specimen, but the discrepancies are. still 
sufficiently great to make the examination of these fractions of 
little added value. 

It was our impression that those samples with much mucus or 
much well digested food showed the greatest differences between 
the colorimetric and electrometric pH determinations. 

Although below pH 5.5 the electrometric pH is almost invariably 
lower than the colorimetric on the same specimen, above this it is 
higher than the colorimetric. This variation emphasizes an error in 
the electrometric determinations which has not yet been discussed. 
The analyses by the electrometric method were carried out on the 
specimen of gastric contents only after practically all the dis- 
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solved COs had been lost in the process of saturating the specimen 
with hydrogen. A study of the magnitude of this error was 


therefore made. 


TABLE II. 
Changes in pH on Refilling Electrode Vessel. 


Sample A. Sample B. 


Duplicate results. ‘ Dunlicate results. 
| P Refills of 


Refills of 
(a) | (b) | | (a) | (b) 
pH | pH | pH | pH 
I I 8.09 | 8.05 
III 6.97 | 6.98 | 
IV 62 | 7.29 
V 6.92 | 6.94 | 


TABLE III. 
Effect of Loss of Carbon Dioxide on Electrometric pH Determinations. 


No loss of COs. CO: lost. Difference. 
pH pH pH 
5.04 5.04 0. 00 
5.84 30.90 0.06 
6.27 6.76 0.49 
6.93 7.47 0.54 
7.30 8.07 0.77 
7.90 8.50 1.00 
7.52 8.42 0.90 
7.68 8.57 0.89 
7.73 8.54 0.81 
7.74 8.35 0.59 
7.78 8.60 0.82 


Effect of Loss of Carbon Dioxide. 


| The gas in the stomach contains 5 to 10 per cent carbon dioxide. 
When in equilibrium with such a gas mixture, a sample of gastric 
contents which is neutral or slightly alkaline should have its pH 
considerably influenced by the dissolved and dissociated carbon 
| dioxide which it contains. Obviously in the more acid samples 
| the effect of dissolved carbon dioxide should be negligible. 


| 
| 
| 


G. Kahn and J. Stokes, Jr. 81 


Experiments were carried out on various specimens of gastric 
contents, and the effect of the loss of carbon dioxide determined. 
The procedure was similar to that used for blood and serum. The 
Clark cell was refilled and shaken with portions of gastric contents 
until the gas bubble contained carbon dioxide at a tension equal 
to that of the gastric contents. On account of the low buffer value 
of the fluid as many as three or four refills were usually necessary. 
The typical changes in pH with successive refills are shown in 

TABLE IY. 
Colorimetric pH of Diluted and Undiluted Specimens. 


Undiluted. | 1:10 dilution. | Undiluted. | 1:10 dilution. 
1.3 2.3 2.1 | 3.2 
1.3 2.2 2.1 2.9 
1.3 2.1 2.1 3.0 
1.4 4.4 2.3 3.8 
RF 3.2 2.3 4.2 
|e 3.0 2.3 3.8 
1.8 2.4 2.7 3.6 
1.9 2.1 2.7 3.4 
1.9 2.1 3.7 3.7 
1.9 2.9 3.7 3.7 
1.9 2.9 4.6 5.1 
1.9 3.0 4.7 4.7 
1.9 2.6 5.1 
1.9 2.7 5.6 
2.0 3.2 5.7 5.7 
2.0 3.0 5.8 5.8 
2.1 3.1 7.3 7.2 
2.1 2.3 7.3 7.5 
2.1 2.4 7.7 7.6 


Table II. No correction was made in calculating the pH for the 
presence of carbon dioxide in the gas bubble, since the presence of 
as much as 10 per cent carbon dioxide would lead to a correction 
of less than 0.05 pH. 

When one compares the pH reading thus obtained with that 
obtained when the loss of carbon dioxide has not been prevented, 
one finds differences of as much as 0.9 pH in the alkaline specimens. 
The results of a few experiments are given in Table III. 

When these corrections are applied to the less acid electrometric 
values, it is found that the corrected electrometric pH is always 
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lower than the corresponding colorimetric pH. This indicates that 
the electrometric method gives consistently lower pH figures on 
the same specimen than the colorimetric. 


TABLE V. 


Comparison of pH Determinations. 


Electrometric pH. 


Colorimetric pH. 


Colorimetric and dialysis pH. 


ONO 


Effect of Dilution. 


Twenty-two experiments were carried out on as many specimens 
to determine the effect of diluting the gastric contents with the 
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hope that the factors which introduce errors into the colorimetric 
method might be reduced. Dilution did not make the colori- 
metrie method consistently more accurate. It was found, in fact, 
that dilution of a sample, the pIf of which was below 3.5 gen- 
erally, though not invariably, resulted in a roughly proportional 
diminution of its hydrogen ion concentration due to lack of 
buffering of the solution. Dilution of a sample, the pIL of which 
was above 3.5, had little effect on its pH, showing that these speci- 
mens were well buffered. The results of these experiments are 
given in Table IV. 


Effect of Dialysis. 


As the presence of protein was thought to be the chief source of 
error in the colorimetric method, dialysis, as used by Levy, 
Rowntree, and Marriott (28) and Dale and I:vans (29) on blood, 
and by Marriott and Davidson (13) on gastric juice, was em- 
ployed to furnish a protein-free solution which might be tested 
colorimetrically. 3 ce. of gastric contents were dialyzed in a col- 
lodion sac against 3ec. of physiological salt solution, for a minimum 
of 1 hour, and the pII determined colorimetrically on the dialysate. 
The results of thirty-two such experiments are given in Table V. 

It is seen that dialysis frequently rectifies to a considerable de- 
gree the discrepancies which occur between the electrometric and 
the colorimetrie methods of pH determination on gastric contents. 
The greatest differences found between the colorimetric deter- 
mination of dialysates and the electrometric determination of the 
corresponding undialyzed specimens were never more than 0.6 pH, 
and were less than 0.3 pH in 80 per cent of the cases. The differ- 
ences which occur can be explained in part by (1) the dilution 
which occurs in the process of dialysis, (2) the loss of carbon 
dioxide during dialysis, (3) the Donnan equilibrium. Accord- 
ingly it is recommended that when the colorimetric method is 
used fer the determination of the pH of gastric contents, it 
should be used only in conjunction with dialysis, except where the 
pif lies below 2.1. 


SUMMARY AND CONCLUSIONS. 


The colorimetric method is not sufficiently accurate for the de- 
termination of the pH of gastrie contents which are less acid than 
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pH 2.1. Above pH 2.1 dialysis of the specimen against normal 
salt solution and the colorimetric estimation of the pH on the 
dialysate are essential for even moderate accuracy. 

The electrometric method should be used where any consider- 
able accuracy is required, guarding against loss of carbon dioxide 
whenever the pH exceeds 5.5. 
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PROTEINS OF WHEAT BRAN. 


III. THE NUTRITIVE PROPERTIES OF THE PROTEINS OF WHEAT 
BRAN.* 


By JOSEPH C. MURPHY ano D. BREESE JONES. 


(From the Protein Investigation Laboratory, Bureau of Chemistry, United 
States Department of Agriculture, Washington.) 


(Received for publication, May 1, 1926.) 


In a previous publication from this laboratory (1), it was shown 
that the proteins of wheat bran differ essentially from the cor- 
responding proteins of wheat endosperm and embryo. The bran 
proteins, in contrast to the endosperm proteins, are strikingly 
high in their content of the basic ‘iamino acids. They contain 
much larger quantities of the so called nutritionally essential 
amino acids than are contained in the endosperm proteins. The 
quantity of basic amino acids in the bran globulin, particularly 
that of arginine and lysine, exceeds that found in most vegetable 
proteins which have been studied. The bran albumin also con- 
tains unusually large quantities of tryptophane, tyrosine, and cys- 
tine. Bran prolamin, the protein corresponding to gliadin of the 
endosperm, contains as much of these amino acids as is present in 
most seed proteins, and much more than is found in gliadin. 

Wheat endosperm, which comprises practically the whole of the 
white wheat flour of commerce, contains approximately 11 per 
cent of protein, about 80 per cent of which consists of gliadin and 
glutenin, which are present in approximately the same quantities.! 
Accordingly, the endosperm contains about 4.4 per cent both of 


* A preliminary report of this paper was presented at the meeting of the 
American Chemical Society held in Baltimore, Md., April 6 to 10, 1925. 

1 The protein content of wheat and the proportion of gliadin to glutenin 
vary within a rather wide range depending on the variety of the wheat and 
on the environmental conditions under which it is grown. However the 
figures given above represent nearly average values and, it is believed, can 
be accepted as a satisfactory basis upon which the relative content of amino 
acids in the bran and endosperm may be calculated and a fair comparison 
made. 
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gliadin and of glutenin. These two proteins have been quite 
thoroughly investigated, and their content of the so ealled nutri- 
tionally essential amino acids is fairly well established. It is 
therefore possible to calculate the amounts of these amino acids in 
a given quantity of wheat endosperm and to compare them with 
those in the same quantity of wheat bran. Such comparative 
data are given in Table IT. With the exception of histidine, 
which is present in the bran and in the endosperm in nearly the 
same proportion, these values show that bran contains more than 
twice as much of these amino acids as is contained in the same 
quantity of the endosperm. 

In the light of the results obtained from our chemical study of 
the proteins of wheat bran indicating that these proteins are of 
high nutritive value, feeding experiments with rats were under- 
taken to obtain further information concerning the biological 


TABLE I. 
Amino Acids in 109 Gm. of Wheat Bran and of Wheat Endos perm. 


ine. | nine. | dine. shane 
jim. gin, gm. (im. ere 
0.25 | 0.85 | | 0.54 | 0.28 
0.14 | 0.36 | 0.20 | 0.23 | 0.12 


value of the bran proteins, and also to ascertain to what extent 
these proteins are available for assimilation when the animals are 
fed not the isolated proteins but the crude bran. 

Wheat bran has been long recognized by practical feeders of 
animals as having high nutritive properties. It is generally 
conceded that bran is fairly well digested by ruminants, which 
have digestive tracts adapted for the accommodation of coarse, 
bulky material such as hay and fodder. As for its food 
value for animals other than ruminants, particularly as a food 
for man, many conflicting views are reported, ranging from 
the statement that “there are’ certain food substitutes wholly 
without food value, yet serviceable for bulk, such as bran, agar 
agar, India gum and mineral oil” (2); to statements that bran is 
an excellent food, and that it is digested by man as well as by 
domestic animals (3-5). 
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As far as we are aware, the only experiments conducted to 
determine the biological value of the proteins of wheat bran, in 
which bran supplied all of the protein in the diet, were feeding 
experiments with rats carried on by Osborne and Mendel in 1919, 
and described in their comprehensive article on the nutritive value 
of the wheat kernel and its milling products (6). They state that: 


“On a diet containing 55 per cent of commercial wheat bran, which fur- 
nished 9 per cent of protein (N X 6.25), 88.5 per cent of which was from 
bran and 11.5 per cent from endosperm, one rat grew at a nearly normal 
rate for several weeks, although three other animals on the same diet grew 
very little. Analysis of the feces of these four rats showed that 75 to SO per 
cent of the total food and 70 to 75 per cent of the nitrogen was utilized.” 
They conclude that “. .. . the ‘crude protein’ of wheat bran has a 
higher value for the growing animal than does that of theembryo. This one 
rat, which grew well on a diet containing 9.05 per cent of ‘crude protein’ 
(N X 6.25) from bran gained 2.05 gm. in body weight per gm. of ‘crude 
protein’ eaten. The ‘crude protein’ of bran appears to be quite as efficient 
as that of the combination of wheat flour with egg, milk, or meat, under 
the conditions of this experiment.” 


This estimate of the value of the “erude protein” of bran was, 
however, based on only a single experiment. 

When the experiments described in this paper were nearly 
completed, there came to our attention an article by Randoin, 
Alquier, Asselin, and Charles (7). They fed to rats and guinea 
pigs various kinds of wheat offal to determine their biological 
values. They found, in the case of rats, that by the addition of 
10 to 30 gm. of starch, 3 to 5 gm. of calcium lactate, 8 gm. of butter 
fat, and 2 ee. of lemon juice to 100 gm. of coarse bran, mainte- 
nance, growth, and fecundity were attained, yet without the sur- 
vival of the young. 

The results of our feeding experiments with about 70 albino 
rats have confirmed the high estimates given by Osborne and Men- 
del of the efficacy of the bran proteins for the promotion of growth 
in young rats. A large number of the animals receiving diets 
containing commercial wheat bran as practically the sole source 
of protein have grown during the first 15 to 18 weeks of experi- 
mental feeding at a very satisfactory rate. A number of rats 
have now been on this diet for nearly 20 months and are still in 
fair condition, although underweight. During the first 6 weeks 
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TABLE II. 
Gain in Body Weight per Gm. of Ingested Protein. 
pal Total intake. Gain 
Initial Geis te per 
Source of protein. Rat No. 
Food. | Protein. 
gm. gm. gm. gm gm, 
Unwashed bran. 
Lot 1 2268 9 44 58 348 | 36.37 | 1.59 
2269 ° 46 53 288 | 30.10 1.76 
2270 2 48 61 376 | 39.29 1.55 
22719 43 49 243 | 25.39 | 1.93 
Lot 2 2372 ? 52 66 297 | 31.04} 2.13 
2373 9 52 63 289 | 30.20 | 2.09 
140 55 63 304 | 31.77 1.98 
23750" 58 52 317 | 33.13 1.587 
Washed bran. 
(Unground. ) 23687 ol 33 240 | 23.06} 1.43 
2369 2 52 30 263 | 25.27 | 1.19 
2370 2 46 28 217 | 20.85] 1.34 
23710 46 21 223 | 21.43 | 0.98 
2321¢ 53 39 295 | 28.35 | 1.38 
2322 9 53 32 298 | 28.64] 1.12 
2323 9 04 33 304 29.21 1.13 
2324 9 52 35 333 | 32.00] 1.09 
(Coarsely ground.) 22°264.0 52 41 328 | 31.52 1.30 
226507 46 44 331 | 31.81 1.38 
2266 2 44 26 258 | 24.79 | 1.05 
22670 45 45 340 | 32.67] 1.38 
2356s 45 38 269 | 25.85 | 1.47 
2357 45 45 317 | 30.46 | 1.48 
2358" 47 34 246 | 23.64] 1.44 
(Finely ground.) 2317 7 54 40 391 | 37.58 | 1.06 
23189 56 36 359 | 34.50] 1.04 
2319 9 53 34 350 | 33.64; 1.01 
23207 55 33 379 | 36.42] 0.91 
2376 9 49 46 372 | 35.75 | 1.29 
2377 ° 57 30 331 | 31.81 | 0.94 
2378 9 56 34 343 | 32.96 | 1.03 
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TABLE I1—Concluded. 


Initial Total intake. 
Source of protein. Rat No. body b yma gm. of 
weight. Food. | Protein. 

qm. gm. gm. gm. gm. 

Washed bran plus 5 per 

cent wheat flour. 9434 9 50 40 330 31.09 1.29 
2435 9 ay 37 390 36.74 1.01 
456 49 45 382 35.98 1.25 
AST 46 453 4? 67 1.08 
Wheat flour, 2411 55 °67 24.16 | 0.83 
94127 21 260 23.53 | 0.89 
29413 9 46 °7 300 27.15 0.99 
°414 92 a1 23 322 29.14 0.79 


on the unwashed bran diet, the rats gained in weight an average of 
1.83 gm. per gm. of crude protein intake (Table II). 

A ration was also prepared in which the bran used had been 
previously washed to eliminate most of the starchy endosperm 
which is always admixed with commercial bran. On this ration, 
the animals did not grow as rapidly as did those receiving the 
ration containing unwashed bran. When five parts of the washed 
bran in the ration were replaced by the same quantity of white 
flour, materially better results were obtained. This may be 
accounted for in two ways. There may be present in the white 
flour some nutritionally essential dietary factor which is either 
deficient or lacking in the bran. If this is the correct explana- 
tion, then the improved results following the replacement of five 
parts of the washed bran in the ration by white flour is due to a 
real supplementation, and not to any nutritional superiority of 
the white flour as a whole, because it was found that when white 
flour constituted the sole source of nitrogen in a ration otherwise 
the same, the animals gained during the first 100 days only one- 
half to two-thirds of that gained by the rats on the unwashed bran. 
Another possible explanation is that the poorer results obtained 
with the washed bran ration than with that containing unwashed 
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bran or with washed bran plus flour is not to be ascribed to any 
deficiency in the proteins of wheat bran themselves, but that 
during the process of washing the bran there were removed not 
only the admixed portions of the starchy endosperm, but also a 
significant quantity of the albumin and globulin of the bran itself. 
That this was the case is indicated by the fact that the washed 
bran contained less nitrogen than did the unwashed bran, whereas 
if only the starchy endosperm was removed, the washed bran 
should have contained more nitrogen than the unwashed bran, 
because the endosperm contains less nitrogen than does the bran. 
Any such loss of the soluble proteins of the bran would cause a 
disproportionate lowering of the nutritive value of the washed 
product, because the percentage of the nutritionally essential 
amino acids is much greater in the albumin and globulin fractions 
than in the prolamin, which would remain undissolved. In view 
of the fact that the diet contained a low percentage of crude pro- 
tein (about 10 per cent) even a small loss of the better proteins 
incident to the washing might well reduce the quantity of one or 
more of the essential amino acids to a point below the minimum 
requirements for satisfactory growth. The 5 per cent replace- 
ment of the washed bran by flour could in that case compensate 
for such a deficiency. 

It is of interest to note that the animals on the bran diet 
(Chart I) grew much faster, with respect to the normal rate, 
during the first 14 weeks, than they did later. During this period 
their rate of growth in many cases exceeded the normal rate, 

The rate of “normal growth”’ as used in this paper refers to the 
normal growth curves employed by Osborne and Mendel for albino 
rats in their early nutritional publications. A rate of growth that 
may be considered normal for a given colony of rats under given 
conditions may have but little significance when applied to a dif- 
ferent colony maintained under different conditions. We have 
used the expression “‘normal rate,” and the normal growth curves 
given in the charts, not to represent what might be considered 
the normal rate of growth of the rats in our colony, but merely as 
an arbitrary standard to which may be referred, for the sake of 
comparison, the rates of growth of the rats on the different rations 
used in the experiments described in this paper. 
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After the first 14 or 15 weeks, the animals did but little better 
than maintain their body weight in most cases. The average 
weight of one lot at the end of 63 weeks was only 14 gm. more 
than it was at the end of the first 15 weeks. Another lot at the 
end of 44 weeks had gained on an average only 26 gm. sinee the 
end of their 15th week on the diet. Those fed the white flour 
diet (Chart IV), on the other hand, grew so uniformly that at 
the end of 254 days most of them weighed even more than did the 
rats that had been receiving the bran diet for the same length of 
time (Chart IV). It appears that wheat bran contains in abund- 
ance the factors which meet the animal's nutritional requirements 
during the period of its most active growth, but is deficient in 
some other factor or factors which are required for the animal's 
normal development after it has reached maturity. The white 
flour diet, on the other hand, although inadequate to meet the 
requirements of early growth, satisfied to a better degree the 
requirements of the more mature animal. Whether these differ- 
ences in the nutritive properties of the bran and flour diets are 
to be ascribed to the protein, or amino acid factor, or whether they 
are due to some nutritionally essential non-protein constituent 
must for the present remain undecided. 

Rats fed the bran diet have produced offspring, but they had 
little success in rearing them. TFeeundity was low. Only two of 
a lot of five females gave birth to young. Both of these had two 
litters each, a total of seventeen young, of which only two were 
reared, and those were much undersized. The ones which did not 
survive were either eaten by the mother or died soon after birth. 
Further work must be done before it can be definitely concluded 
that these unsatisfactory results were due to some defect in the 
quality of the bran proteins, or whether it may have been caused by 
some other, uncontrolled factor. 

That the unsatisfactory reproduction and rearing of young may 
be attributed to the same dietary deficiencies as are accountable 
for the unsatisfactory rate of growth of rats on the bran diet after 
the first 14 or 15 weeks, is an interesting possibility. The high 
efficiency of the bran ration for promoting early growth, and the 
unsatisfactory results obtained with it in connection with subse- 
quent growth and reproduction, constitute a striking example of 
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how the nutritional requirements of an animal may vary with the 
changing stages of development coincident with advancing age. 

Figures are given in Table II, showing the efficiency for early 
growth of the various bran diets used and also for the white flour 
diet. The animals on the unwashed bran diet gained during the 
first 6 weeks of the feeding tests an average of 1.83 gm., and several 
of them gained over 2 gm. for every gm. of crude protein consumed 
(N X6.30). These figures compare favorably with those similarly 
obtained with proteins known to have high nutritive properties. 
Even at that, the figures given in the table for the efficiency of 
the bran proteins are unquestionably too low. Not all of the 
nitrogen of bran is protein nitrogen. Were it possible to calculate 
the efficiency of the proteins on the basis of the true protein con- 
tent of the bran, a still higher efficiency would be shown. In view 
of these considerations, the rate of growth and the gain in weight 
per gm. of crude protein eaten show conclusively that the bran 
proteins must have been well digested and assimilated by the 
rats, and that the ability to digest the proteins in crude bran is 
not limited to ruminants, as is frequently asserted. 


EXPERIMENTAL. 


lor determining the growth-promoting properties of the pro- 
teins of wheat bran, young albino rats weighing from 45 to 58 
gm. were fed diets in which the protein was supplied solely by the 
bran. The bran constituted 70 per cent of the diet, and was 
equivalent to about 10 per cent of crude protein (N 6.30). Al- 
though it has been reported (8) that bran contains both vitamin A 
and vitamin B, Bell and Mendel (9) found that 6 per cent of hand- 
dissected bran in the diet gave no evidence of the presence of 
vitamin B. In order to avoid any possible deficiency of these fac- 
tors in the diets used, cod liver oil and yeast,’ or Osborne and 
Wakeman’s yeast fraction were given in daily doses separate from 
the rest of the diet. The weights of the rats and of their food in- 
take were recorded semiweekly. The composition of the diets is 
given on the charts showing the growth curves. The bran used 
was a commercial bran from hard, spring wheat. It was free 


2 The yeast used in these experiments was furnished by the Northwestern 
Yeast Company, through the courtesy of Dr. M. H. Givens. 
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from detectable quantities of germ tissue, and, as used, contained 
2.37 per cent of nitrogen. 


lor converting the percentage of nitrogen in the bran into that of protein 
the factor 6.30 was used instead of the conversion factor 5.7 generally used 
in connection with wheat proteins. The factor 6.30 is based on the relative 
proportions of the different proteins in the bran, and on their pecentages of 
nitrogen. The factor 5.7 was employed in the case of the white flour used. 
The data for the ealeulation of the conversion factors for the nitrogen in the 
different parts of the wheat kernel and also in the whole kernel are given 
in a recent publication from this laboratory (10). 


| CHART I. 
RATE OF GROWTH ON UNWASHED | 
WHEAT BRAN AS SOURCE OF PROTEINS, — 
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Unwashed, Unground Wheat Bran. 


Young rats fed a diet containing 70 parts of bran furnishing 
practically the sole source of protein, have grown at an excellent 
rate for 15 or 16 weeks (Chart I). During this period they mani- 
fested every indication of well being and of a state of satisfactory 
nutrition. It is of interest to note that with this coarse, bulky 
ration no instance of digestive disturbance was observed. 

The high degree of efficiency for early growth of the proteins of 
wheat bran and their utilization by the animals are shown by the 
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fact that during the first 6 weeks they gained in weight an aver- 
age of 1.83 gm. per gm. of crude protein eaten (Table II). 

In order to assure sufficient vitamin B, some of the rats (Lot 1) 
were given 40 mg. of Osborne and Wakeman’s yeast fraction daily, 
and others (Lot 2) 0.2 gm. of dry yeast. The fact that practically 
the same results were obtained in both cases shows that any pos- 
sible supplementing effect of the small quantity of protein supplied 
by the yeast was negligible. 

The efficiency of the bran proteins for promoting growth in 
young rats as shown by the data presented has been confirmed by 
even better results with a number of other rats fed the same diet 
in experiments now under way to study the value of these proteins 
in connection with the reproduction and rearing of young. 

Although the bran ration was very efficient in promoting growth 
in young rats, it was observed, however, that at the end of about 
100 days there was usually a retardation of the rate of growth (as 
referred to the normal rate) from which time the animals did but 
little better than maintain their weight. The average weight of 
the rats of Lot 1 at the end of 48 weeks was only 4.7 gm. more 
than it was at the end of the 15th week. Rat 2268 died at the 
end of 396 days from respiratory trouble, which may, or may not 
have been attributable to the diet. At the time of the writing of 
this paper, the other rats of this lot are still maintaining their 
weights, after having been on this diet for 440 days. 


Experiments with Washed Bran. 


On account of incomplete separation of the bran from the endo- 
sperm during the milling process, commercial bran usually con- 
tains about 12 to 15 per cent of starch. In order to remove as 
much as possible of this adhering starchy endosperm, the bran 
was placed in cheese-cloth and washed by vigorous plunging in 
cold tap water, and then dried as soon as possible at a low tempera- 
ture in a motor-driven fan drier. The bran thus prepared con- 
tained 2.18 per cent of nitrogen and not over 3 per cent of starch, 
as shown by microscopical examination and chemical analyses. 
Since the ratio of protein to starch in wheat endosperm is approxi- 
mately 1:7, the amount of endosperm protein in the washed bran 
can be estimated from its starch content at approximately 0.4 
per cent. | 
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A diet containing the washed bran enabled the animals to grow 
at a fair rate for about 23 weeks (Chart II), but their growth was 
decidedly slower than that of those fed the unwashed bran diet 
(Chart I). During the first 130 days the females had gained in 
weight only 83.8 per cent, and the males 73 per cent of that cor- 
respondingly gained by the rats receiving the unwashed bran. 
The average gain per gm. of protein consumed by the rats receiv- 
ing the washed bran during the first 6 weeks was 1.20 gm., as com- 
pared with 1.83 gm. gained by those getting the unwashed bran 


CHART 
RATE OF GROWTH ON WASANED WANEAT BRAN 
AS SOURCE OF PROTEINS. 
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(Table II). There was no appreciable difference in the results 
obtained with unground bran and with bran which had been 
ground. Practically the same results were obtained with three 
other lots of rats fed the washed bran diet, the growth curves of 
which, in order to save space, are not here recorded. 

Among several possible explanations for the better results 
obtained with the unwashed than with the washed bran, was the 
idea that a disturbance of the proper balance of inorganic salts, 
particularly with respect to phosphorus and calcium, had been 
produced by elimination of certain soluble salts, incident to the 
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washing of the bran. In order to throw light on this question, 
experiments were started with two lots of young rats. Lot 1 
received, incorporated in the diet, in addition to the 4 parts of 
Osborne and Mendel’s salt mixture, 1 per cent of calcium carbon- 
ate, and Lot 2 was likewise given 1 per cent of acid sodium phos- 
phate. The rate of growth of the rats of both lots was practically 
the same, and paralleled that of the animals which had received 
the washed bran diet without the extra addition of calcium or 
phosphorus. The variation in the ratio of these salts in the diet 
produced no effect on the rate of growth of the animals on the 
washed bran diet. 


Washed Bran Supplemented with 5 Per Cent of White Flour. 


Since the unwashed bran contained more of the starchy endo- 
sperm than did the washed bran, the question arose whether the 
better results obtained with the unwashed bran than with the 
washed bran might not have been due to the supplementing effect 
of some factor supplied by the admixed portion of the endosperm. 

A group of young rats was fed the same diet as that used in the 
washed bran experiments, with the exception that 5 per cent of 
the bran was replaced by the same quantity of a well known brand 
of white flour. 

After somewhat of a lag during the first 8 days, the rats grew at 
a decidedly better rate (Chart III) than did those which had re- 
ceived the straight washed bran diet (Chart II). 

At the end of 134 days, the male rats had gained in weight an 
average of 160 gm., and the females 122 gm.,as compared with 109 
gm. and 94 gm. gained respectively by those receiving the unsup- 
plemented washed bran diet. They had gained in weight even 
more during the same length of time than did the animals that had 
received the unwashed bran (Chart I). Their gain in weight 
per gm. of protein intake, however, was slightly less than that of 
those receiving either washed or unwashed bran (Table II). 

It is of interest to note that there was not the characteristic, 
abnormal falling off in growth rate after the first 100 days of the 
experiment, as was the case with the rats on the straight bran 
diets, and that their subsequent gain followed more closely the 
general direction of the normal growth curve. 
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Growth on White, Wheat Flour. 


In order to compare the relative growth-promoting value of the 
proteins of wheat bran with those of the endosperm under similar 
experimental conditions, young rats were given a diet in which 
the protein was supplied entirely by patent wheat flour containing 
1.82 per cent of nitrogen. In order to maintain the percentage of 
nitrogen in the diets on a comparable basis, it was necessary to 
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increase the protein content of the flour diet on account of the 
lower percentage of nitrogen in the flour than in the bran. This 
was done by adding a small quantity of wheat gluten containing 
13.15 per cent of nitrogen and prepared by washing the starch 
out of the same lot of flour. Since the added gluten amounted to 
only 1 per cent of the diet this procedure could not have materially 
affected the results obtained. 

Growth on the flour diet was slow (Chart IV), and at the end of 
100 days the rats had gained only one-half to two-thirds of that 


5 
| 
+ + + > + > 
| 
+ + a + + + } + + + + + + | 
| | } | | 
| 
| 
i 
t 
$ 


98 Proteins of Wheat Bran. IIT 


gained by the rats on the unwashed bran diet during a correspond- 
ing period. On account of the characteristic falling off in the rate 
of growth of the rats on the bran diets after the first 14 or 15 weeks, 
and, on the other hand, the very uniform although slower growth 
of those on the flour diet, the differences in the weights of the rats 
of the two series gradually diminished with increasing length of 
time of the experiments. At the end of 240 days the rats on the 
flour diet weighed more than those on the bran diet. 

The superiority of the bran proteins over those of the endosperm 
for early growth is further shown by the fact that during the first 


| CHART IV. | 
COMPAR/SON OF THE RATE OF GROWTH 


OF RATS ON DIETS CONTAINING WHERT BRAN 
WHITE FLOUR AS SOURCES OF RROTE/N. 
AN OVE T 


| i | 
7* | % - 


160 + 4 + FLOUR O ons 


| | 4 CRISCO 


OM. (OO LIVER 
VEAST 


Cuart IV, 


6 weeks the rats receiving the flour diet gained only 0.88 gm. per 
gm. of protein intake compared with 1.83 gm. gained by those fed 
the bran diet. 


SUMMARY. 


The proteins of wheat bran are characterized by their high 
content of the so called nutritionally essential amino acids. The 
quantity of arginine and lysine in the globulin exceeds that found 
in most vegetable proteins which have been studied. The albu- 
min also contains high percentages of tryptophane, tyrosine, and 
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cystine. Taken collectively, the proteins of bran contain more 
than twice as much of these amino acids as are contained in the 
proteins of the same quantity of wheat endosperm. 

Feeding experiments with albino rats have shown that the bran 
proteins are well utilized when 70 per cent of a ration, known to be 
adequate with respect to other dietary factors than proteins, con- 
sisted of washed bran from hard, spring wheat containing no de- 
tectable quantity of embryo, and not more than 3 per cent of the 
endosperm. Rats grew at an excellent rate for 15 to 16 weeks 
when commercial bran (unwashed) constituted the only source of 
protein in their ration. During the first 6 weeks of the experimen- 
tal period the animals gained in weight an average of 1.83 gm. per 
gm. of crude protein eaten. 

When patent wheat flour supplied the sole source of protein in 
a similar ration, rats grew during the first 15 to 16 weeks at a rate 
of only one-half to two-thirds of that shown by the rats receiving 
the bran. Their gain in weight per gm. of protein eaten (N X 
5.7) was 0.88 gm. Although the bran ration was very efficient for 
the promotion of growth in young rats during the first 15 or 16 
weeks, for the subsequent 48 weeks, however, only little better 
than maintenance of body weight resulted. 

Rats fed the bran diet produced offspring, but they had little 
success in rearing them. Fecundity was low. 
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STUDIES ON THE CHEMICAL COMPOSITION OF BEEF 
BLOOD. 


1II. THE BLOOD PICTURE OF CALVES ON A SOLE DIET OF MILK 
OR OF MILK WITH THE ADDITION OF VARIOUS 
SUPPLEMENTS.¥* 


By C. F. HUFFMAN anpb C. 8. ROBINSON, 
WITH THE ASSISTANCE OF R. EF. LARSON Aanp K. L. Burt. 


(From the Chemical Laboratory and Department of Dairy Husbandry of the 
Michigan Agricultural Experiment Station, East Lansing.) 


(Received for publication, April 16, 1926.) 


Although milk occupies a unique position as a food in that it 
is a natural, complete ration for young animals, attempts to use 
it as such for the raising of animals to maturity have failed in 
practically all cases. 


Davenport (1), Eckles (2), Fitch, Hughes, and Cave (3), and McCandlish 
(4) found that calves developed normally on milk alone for a period of only 
about 3 months after which they did not do well. MeCandlish carried his 
experiments through to a fatal termination. He describes the results as 
follows: 

“One very noticeable feature of the experiment was the occurrence of 
fits. These fits were first apparent when the animal was between three and 
four months of age and continued to occur at frequent but irregular inter- 
vals up until about three weeks before the animals died. These fits were all 
very similar and frequently started for no apparent reason and could al- 
most always be induced by leading the animals around for a few minutes. 
The animal would fall down and bellow as if in pain; the jaws would stick 
open and the legs become rigid; the muscles became tense and hard.”’ 

Two pigs which Herter (5) tried to raise on milk alone developed leg 
weakness and were killed. On the other hand McCollum (6) sueceeded in 
raising a sow to sexual maturity with the production of a normal litter of 
pigs. Moro (7), Bartenstein (8), and Meyer and Nassau (9) used guinea 
pigs which succumbed in a much shorter time, in some cases in 3 to 4 
days. Dogs appear to be unable to survive such treatment, Moro (7). 


* Published with the permission of the Director of the Experiment Sta- 
tion as Journal Article No. 35 from the Chemical Laboratory. 
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and Gibson and Conception (10) observing symptoms of leg weakness and 
posterior paralysis in puppies fed on milk alone. With rats the symptoms 
are somewhat different. Mattill and Conklin (11) found that, especially 
in females, the rate of growth was retarded and reproduction failed, but 
the disturbances described above were apparently not seen. Palmer and 
Kennedy (12) partly confirmed Mattill’s results. With an “‘artificial milk’’ 
they succeeded in getting some of their rats to give birth to young but it 
may be a significant point to observe that after 15 to 21 days “‘the young 
began to exhibit weakness, with spasms, and were destroyed by their 
mothers.” 


The present report is based on data from fourteen calves which 
were fed rations of milk alone or milk supplemented with various 
materials as indicated. The changes in the inorganic phosphorus, 
chloride, calcium, and carbon dioxide in the blood have been fol- 
lowed in order to detect any variations from the normal. The 
methods of an: lysis used were the same ones described in a former 
article on the normal composition of beef blood (13). 

On the basis of rations fed, the subjects arrange themselves 
into the following classes: (1) Those receiving milk alone. (2) 
Those receiving milk alone until after the onset of convulsion when 
some supplement was added. (3) Those receiving milk plus a 
single additional substance. (4) Those receiving milk and a 
grain or mineral mixture. 

The general results are summarized in Table I and details of the 
blood pictures of two animals are shown in Figs. 1 and 2. 


DISCUSSION. 


Although the results reported are too few in number to permit 
the drawing of very positive conclusions, certain definite tenden- 
cles appear to be evident. It seems that calves subsisting on a 
diet of milk alone or milk supplemented only by certain supple- 
ments cannot usually be raised to maturity. Our experiences 
agree with those of other experimenters on calves and other ani- 
mals, as outlined in the first part of this paper. Whatever may 
be the mechanism of this disturbance it is apparently operative on 
all sorts of animals irrespective of the character of their natural 
diets, since the same symptoms, at least, have been observed in 
calves, guinea pigs, pigs, and dogs. The symptoms observed by us 
are as follows: 
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The calves seem nervous and irritable; the coats become rough; 
the eyes fail to focus and assume a staring appearance. Some 
animals appear at times to become dizzy or confused, running 
backwards or forwards for short distances or turning in circles. 
Frequently, the balance is so disturbed that the calf falls to the 
ground, occasionally dropping forward with its head flexed be- 
tween its front legs. No spasticity is apparent during these 
attacks, the muscles being completely relaxed. At other times, 
however, they stand, trembling for a few seconds, and fall on one 
side in violent convulsions. The legs are rigidly extended, the 
muscles becoming hard and tense; there is frothing at the mouth; 
respiration slows down with marked dyspnea. These attacks 
may last but a few minutes or, intermittently, for several hours. 
Calves under 6 months of age usually survive several such seizures 
but older calves succumb to the first attack. Occasionally, a 
stiffness of the muscles of the legs develops which may be of a 
permanent or only temporary nature. 

On autopsy, the outstanding gross lesions in the majority of 
cases are multiple petechial and ecchymotic hemorrhages of the 
pericardium, heart, thymus, and other structures of the thoracic 
region in variable degrees. Degenerative changes in the liver and 
kidneys are observed in some of the cases with occasionally a 
gastroenteritis. The gross picture suggests some form of intoxi- 
cation.! 

All of the five animals in Groups 1 and 2 when fed milk alone 
developed convulsions in from 83 to 200 days with the exception 
of C40 which showed no symptoms for 461 days. All died, three 
in spite of the addition of straw, cod liver oil, calclum carbonate 
or calcium phosphate to their ration. The one consistent and 
characteristic feature of the blood picture was a drop in the eal- 
cium to a value of 2 mm or below coincident with the attack. 
Evidently none of the supplements used exerted a curative effect 
when administered after the onset of the attack. 

Of the five animals in Group 3 only one showed no marked symp- 
toms. This animal received whole milk and syrup of iron phos- 


1 Postmortem examination has been made of all cases and a histological 
examination of the organs is in progress. This work is being done under 
the supervision of Dr. E. T. Hallman of the Department of Pathology, 
Michigan State College. 
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phate until it was removed from the experiment at the age of 501 
days. No convulsions were observed and its blood picture was 
normal. Ona ration of whole milk and cod liver oil, C14 died in 
a violent convulsion at the age of 177 days. As this was before 
the blood studies were undertaken data on the blood picture are 
not available. The results on C28 which received whole milk and 
sulfur are interesting in view of Marine’s (14) belief that sulfur 
increased the susceptibility of dogs to parathyroidal tetany. 
Although no convulsions were observed in the case of C30, it 
developed a pronounced stiffness and coincident with it a hypo- 
caleemia which disappeared simultaneously with the recovery of 
the animal. It was found dead on the 165th day. 

Two of the four animals in Group 4 showed no typical symptoms 
and had normal blood pictures throughout the course of the experi- 
ment. It may be a significant fact that these animals, like C27, 
were on a ration which included syrup of iron phosphate. With 
reference to the sow which McCollum (6) succeeded in raising to 
maturity on milk alone, the statement was made that it had access 
to rusty iron pipes. On a ration of milk plus various concen- 
trates, cod liver oil, and bone meal, C36 developed characteristic 
convulsions and a typical blood picture as shown in Fig. 2. Calf 
(54 was subjected to a treatment just the reverse of that given the 
animals in Group 2. It received a supplemented ration during the 
early part of the experiment and milk alone in the latter part. 
When attacked it did not show the typical convulsions associated 
with low blood calcium and there was no tetany. The animal 
backed around the yard, turning always to the left and frequently 
running backwards for some distance. It was taken into the barn 
where it died after falling and breaking its leg. A blood sample 
taken at the onset of the attack showed a blood calcium of 
2.55 mM. 

The fundamental cause of the symptoms noted is still proble- 
matical. Vitamins are apparently ruled out. Although skeletal 
abnormalities were occasionally found on autopsy the fact that 
cod liver oil failed, in every case, to prevent or mitigate the 
symptoms precludes the assignment of that particular substance, 
held to be essential in calcium retention, to the causal r6le. This 
contention is supported by metabolism results secured on C28 
within 10 days of its death, which showed it to be in positive 
calcium and phosphorus balance. 
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The responsibility of vitamin B is rendered improbable. The 
milk used was from cows known to be on feed containing adequate 
quantities of this substance. The fact that C36 on a ration of 
yellow corn and oats, a ration high in vitamin B, developed the 
same symptoms substantiates this view. Both Eckles (2) and 
McCandlish (15) deny a vitamin causation. Loss in weight was 
not a symptom and it was frequently observed that the appearance 
of convulsions was preceded by an increased rate of growth. 

The similarity of the symptoms of our animals and those of 
parathyroidectomized animals is striking. Parathyroid removal 
or impairment is accompanied by a depletion of the blood calcium. 
We have demonstrated a definite relationship between certain of 
the symptoms In our animals and this same condition. It appears 
that the threshold is slightly higher in calves than in dogs, tetany 
being observed in the latter usually when the blood calcium falls 
below 7.0 mg. per 100 ec. (1.75 mm) while in the former a condition 
of tetany, either latent or active, appeared to exist when the figures 
fell below 8.0 mg. per 100 cc. (2.0 mm). We have no record of 
true convulsions when the blood calcium exceeded this figure by 
more than experimental error. Active tetany did not always 
supervene when values lower than this existed but usually there 
were indications of its imminence. 

There appears to be no relation between blood calcium and the 
symptoms other than tetany or muscular rigidity. We have fre- 
quently secured samples from animals either during or immediately 
after non-spastic attacks which gave normal values for calcium. 
This is true likewise in the case of C54 which was bled during the 
terminal attack when it was actively engaged in backward run- 
ning and left turning. 

Our attempts to mitigate the symptoms by feeding calcium salts 
were not so conclusive as might be desired because only the phos- 
phate and carbonate were tried. The work of Berkeley and Beebe 
(16), Greenwald.(17), Hjort (18), and Luckhardt and his coworkers 
(19, 20) indicates that these salts have a low value in the treat- 
ment of tetany. 

At the onset of the attacks there was a rise in the inorganic 
phosphorus which was transient in character. There was, how- 
ever, no constant nor quantitative relationship between the varia- 
tions in this constituent and the blood calcium. (reenwald 
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(21) and Salvesen (22) have called attention to the tendency for 
the phosphate to rise, at least temporarily, in parathyroid tetany. 
Gross and Underhill (23) did not find high phosphorus values to 
be a constant feature in this condition. In our animals while 
increased phosphorus did not always accompany low calcium 
values an explanation may be afforded by the rapid readjustment 
of the phosphorus concentrations. Thus, in the case of C36 
(Fig. 2) a sample taken 2 hours after the onset of the convulsion 
and all subsequent samples showed no increased inorganic phos- 
phate. Whether or not an increased phosphorus is observed seems 
to depend upon when the sample is taken. 

Binger (24), Salvesen, Hastings, and McIntosh (25), and Under- 
hill, Gross, and Cohen (26) have all shown that the introduction of 
large amounts of phosphorus into animals may be accompanied by 
a depression of the blood calcium with the production of tetany. 

The contention of Salvesen, Hastings, and McIntosh that high 
blood phosphate unassociated with low blood calcium is not accom- 
panied by tetany is supported by our results. Preceding death, 
the inorganic phosphate in the blood of C36 reached the extremely 
high level of 6.61 mm, yet no signs of tetany appeared, the blood 
calcium being in the neighborhood of 3.0 mm. In Calf C31, on 
the other hand, tetany occurred with an inorganic phosphate con- 
tent of 2.90 to 4.11 mM and a blood calcium of 2.0 to 1.75 mm. 

There appeared to be a tendency for the chlorides to fall some- 
what during a seizure but this change was not marked. 

The explanation heretofore advanced for the results obtained 
from feeding milk alone to herbivores has been that, having been 
developed to take care of the bulky fodder of their natural ration, 
the gastrointestinal tract of such animals becomes atonic when 
roughage is denied them. This prevents the proper digestion of 
what food is ingested with the consequent formation of toxic prod- 
ucts which, when absorbed, produce the results observed. Here- 
tofore, no explanation of the mechanism of the action of such a 
toxin has been made. The production of parathyroid tetany has 
likewise been attributed to a toxemia of gastrointestinal origin. 

At the present time the intimate relation between the parathy- 
roids and the calcium-regulating agency of the body seems to have 
been conclusively demonstrated. Whether they act through the 
elaboration of a hormone which itself directly controls the calcium 
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solution and deposition or indirectly by exerting a detoxicating . 
function for the protection of some other organ which regulates this 
process of mineral metabolism may perhaps be questioned. The 
result however appears to be the same; v7z., the removal or injury 
of the parathyroid glands disturbs the calcium metabolism. If it 
may be reasoned conversely that a disturbance in the calcium 
metabolism indicates an impairment of the parathyroid function, 
it would follow that such a condition exists in our animals and 
we are thus afforded an explanation of the mechanism of the 
assumed toxemia. 

The work of Dragstedt (27) in support of the theory of the de- 
toxicating function of the parathyroids is especially interesting in 
connection with our experiments. By the use of a milk diet or a 
ration rich in lactose, which converts the intestinal flora from a 
putrefactive to a fermentative one, he has been able to control 
the tetany in parathyroidectomized dogs. We have been able to 
produce typical symptoms of parathyroid tetany in our calves 
raised on a diet of milk alone which should have prevented the 
establishment of a proteolytic flora at any time. The difference 
in our observations may perhaps be due to the greater length of 
the bovine intestine as compared with that of the dog. The lac- 
tose content of milk may be inadequate to maintain an aciduric 
condition throughout the longer gut. Some support for such an 
idea may be found in Inouye’s (28) results which showed that the 
greater the casein content of the diet the greater the amount of 
lactose necessary to produce beneficial results. Work on this 
aspect of the problem is in progress and the results will be reported 
in a later paper. 

SUMMARY. 


A study has been made of the effects on calves of a ration of milk 
alone or of milk with the addition of various supplements. 

The most striking result of such treatment is the development of 
convulsions resembling those due to the removal of the parathyroid 
glands. 

The symptoms are accompanied by a lowering of the calcium 
content of the blood. 

The inorganic phosphate, chlorides, and bicarbonate content 
of the blood show no characteristic changes. 
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There is no evidence from the results obtained that the con- 


dition is due to an acidosis. 
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The removal of electrolytes from a sol by means of an electric 
current has been termed by Ruppel (1) ‘‘Electrosmose”’ and by 
Pauli (2) as electrodialysis. ‘The latter term is more acceptable. 
The utilization of the electric current in dialysis causes a speeding 
up of the rate of migration of the diffusible ions through mem- 
branes. 

This paper reports the results of the electrodialysis of human 
blood serum and its effect upon the sodium, potassium, calcium, 
and magnesium. 

Many investigations of ordinary dialysis of blood serum against 
distilled water and various salt solutions (compensatory dialysis) 
have been recorded. ‘The investigators have attempted to meas- 
ure the diffusible ions, using collodion, parchment, or other 
suitable membranes. ‘Their results were of variable character. 
Rona and Takahashi (3), by compensation dialysis of horse, cow, 
and pig serum found 60 to 75 per cent of the calcium, and prac- 
tically all of the phosphate diffusible. Ashner and Rosenfeld (4), 
who diffused serum against distilled water, concluded that all 
the chloride was diffusable, and that it was not in any form of 
combination with the serum. Cushney (5) filtered serum, using 
collodion membranes, and reported that salts, sugar, and urea 
occurred in the filtrate in the same proportions as in the original 
serum, the only exceptions being calcium and possibly magnesium, 
which pass through in a lower concentration than exists in serum. 
He suggests that the calcium and magnesium exist in some form 
of combination with the proteins. Von Meysenbug (6) and his 
coworkers, using parchment membranes and dialyzing against 
calcium-free Ringer’s solution, noted that a progressive diffusion 
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of calcium resulted in from 5 to 7 days, and that 90 per cent of the 
calcium had diffused out; while Richter-Quittner (7), using ultra- 
filtration and collodion sacs, found only 5 to 7 per cent of the 
calcium to be filterable. Neuhausen and Pincus (8), filtering pig 
serum at pressures varying from 120 to 180 mm. of mercury, 
state that the chlorides, phosphates, sodium, and potassium are 
totally diffusible, while 30 to 50 per cent of the calcium is in a 
non-diffusible form. 

In an electrochemical study of the condition of several electro- 
lytes in the blood, Neuhausen and Marshall (9) conclude that all 
the sodium and chlorine are present as in aqueous solution of 
sodium chloride and sodium bicarbonate of the same concentra- 
tion, while only about 10 per cent of the total calcium is present 
in ionic form. Loeb (10) reports complete diffusion of serum 
calcium through collodion membranes into 0.8 per cent sodium 
chloride at pH 7.4, while only 55 to 75 per cent diffused against 
distilled water at the same pH. Cameron and Moorhouse (11) 
using parlodion sacs could not confirm Loeb’s results; at the end 
of 24 hours the concentration of calcium in the external liquid 
was only 25 per cent of the original serum. Their criticism of 
the dialysis and ultrafiltration methods on the basis of varying 
permeability of membranes seems to be well founded. These 
same authors have studied the calcium concentration of the spinal 
fluid (they consider the spinal fluid as that part of the plasma 
which can diffuse through an animal membrane) and conclude 
that the diffusible calcium of normal dog plasma averages 53 
per cent of the serum calcium. They also suggest that the cal- 
cium in dog plasma may be divided into parts, one in inorganic 
state, and the other in organic combination which only slowly 
dissociates on removal of calcium ions. It is further suggested 
that the constancy of blood calcium concentration depends on 
the slightly dissociable organic calcium compound present in the 
plasma, which holds a definite amount of inorganic calcium in the 
plasma through a series of interlocked equilibria. 

A somewhat similar conception of the condition of the plasma 
calcium is suggested by Greenwald (12), who believes that the 
plasma calcium content is normally maintained at a constant 
level by an equilibrium between inorganic calcium and an organic 
compound of calcium, and that the parathyroid hormone is es- 
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sential to the preparation of this organic constituent. He also 
assumes that the amount of ionic calcium in the blood is always 
small under normal conditions, that it is in equilibrium at the 
bones, etc., with solid Ca:(PO,)2, and in the circulating blood 
with at least one organic compound of calcium. 

The studies of calcification by Holt, La Mer, and Chown (13) 
indicate that the amount of ionized calcium in the plasma at 
equilibrium is not more than 2.5 mg. per 100 cc., a result similar 
to that obtained by Neuhausen and Marshall (9) by the use of 
the calcium electrode. 


EXPERIMENTAL. 


Blood was collected in the morning before breakfast and al- 
lowed to clot. It was immediately centrifuged, and the serum 
removed. A portion was used for the analysis of sodium, potas- 
sium, calcium, magnesium, chlorine, and inorganic phosphorus 
and the remaining serum for the dialysis. 

The apparatus used in the electrodialysis of the serum is shown 
in Fig. 1. It consists of three Pyrex tubes; in the outside tube 
(A) which measures 15 & 4 cm. are placed 50 ce. of distilled water, 
and the negative platinum electrode (/;) and the middle tube 
(B). The latter tube is 12 * 2.5 cm. and has fastened to its 
lower end one of the membranes (.7/,). In this tube the serum for 
dialysis, usually 10 cc., is pipetted. ‘To the third tube (C), 12 
x 1.5 em., is attached the membrane (./.), and in this tube are 
placed 15 ce. of distilled water and the positive platinum electrode 
(i). The electrodes are held in place by rubber stoppers and 
are adjusted so that they are within 2 mm. of the membranes. 
They are made of thin platinum foil approximately the same 
area as the membranes, attached to glass tubes, which are filled 
with mercury to form good contact with the led-in wires from the 
current source. 

A 10 watt lamp and a milliammeter are placed in the circuit as 
shown in the diagram. With the exception of the last two ex- 
periments, the apparatus was always kept in a constant tempera- 
ture water bath at 25°C. The other two determinations were 
made at room temperature. 


| 

} 


116 Electrodialysis of Blood Serum 


\O Watt kamp 


Fic. 1. 


Membranes. 


Collodion membranes were made by fastening a piece of cotton 
gauze bandage over the tube by means of thread, then dipping 
this end of the tube in Merck’s v.s.p. collodion. The tube was 
rotated for 2 to 3 minutes while the collodion was drying and 
then dipped a second time. The dipping was repeated a third 
time, after which the membrane was air-dried for 12 hours, and 


then tested for leakage. 
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Parchment membranes were prepared from parchment paper 
by first soaking in distilled water, then carefully tying over the 
tube with thread, and finally covering the thread above the mem- 
brane with collodion. Parchment membranes up to four layers 
thick were prepared and we have found that the thickness of the 
membrane does not seem to have any appreciable effect upon the 
dialysis. 

The S. and 8. membranes were Carl Schleicher and Sehiill No. 
579A diffusion shells. 

The dialysis was continued until the milliammeter registered 
0 or 1 milliampere. At the end of this period, in every serum 
dialyzed by this method, the serum was sharply divided into two 
portions, a supernatant fluid usually colorless, and a well defined 
gel, amber in color, often with a white bottom layer, which was 
about one-third as thick as the entire gel. ‘The supernatant fluid 
was distinctly acid to phenol red, the outside dialysate alkaline 
to the same indicator, while the inside dialysate was acid to methyl] 
red, 

The outside dialysate was removed to a beaker, evaporated to 
a small volume on the water bath, transferred to a 10 ce. volumet- 
ric flask, and made up to the mark with distilled water. The 
sodium and potassium were done in duplicate on | cc. samples, 
while 5 cc. were used for the calcium and magnesium determina- 
tions. ‘The inside dialysate was treated in the same manner, 
and the chlorine, phosphorus, calcium, and magnesium deter- 
mined. When only calcium and magnesium were to be deter- 
mined, the entire dialysate was evaporated to 5 ee. and this 
used for the estimations. 

The gel and supernatant fluid were ashed in platinum, the ash 
dissolved in decinormal hydrochloric acid, transferred to a 10 ce. 
volumetric flask, and the determinations made on this solution. 


Methods of Analysis. 


The chemical procedures employed were as follows: for 
chlorine Whitehorn (14), inorganic phosphorus Benedict (15), 
calcium Tisdall (16), sodium, Kramer and Gittleman (17), 
potassium Kramer and ‘Tisdall (18). Magnesium was deter- 
mined on the supernatant liquid from the calcium determination 
after centrifugation, plus the first wash fluid. Precipitation 
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was carried out in a heavy walled 15 ce. round bottom centrifuge 
tube according to the methods described by Hammett and Adams 
(19) and Briggs (20). After standing in the ice chest overnight, 
the tube is centrifuged at 1500 revolutions per minute, for 15 
minutes, and the supernatant fluid poured off. The sediment is 
washed twice with 10 ec. of 10 per cent ammonia, and once with 
10 ce. of ammoniacal alcohol, centrifuging each time for a period 
of 5 minutes and pouring off the wash fluid. The precipitate is 
dissolved in 5 cc. of 4 per cent trichloroacetic acid, 3 cc. of distilled 
water are added, and the blue color developed by the addition 
of molybdie acid and _ bisulfite-hydroquinone solution as de- 
scribed by Benedict and Theis for the estimation of inorganic 
phosphorus. The colorimetric comparison is made against a 
standard solution prepared by dissolving 4.582 gm. of anhy- 
drous dibasic sodium phosphate (Sgrensen) in 1000 cc. of 
distilled water and diluting 5 cc. of this solution to 500 ec. 5 ce. 
of this diluted solution are equivalent to 0.05 mg. of phosphorus. 
The amount of phosphorus multiplied by 0.7835 gives the amount 
of magnesium in the sample. 


DISCUSSION, 


Potassitum.—In Table I are recorded the observations on the 
electrodialysis of the potassium ion. It will be noted that the 
potassium ion is completely diffusible (within the errors encoun- 
tered in the analytical procedure for this element), which suggests 
that the potassium is not in complex combination in the serum at 
the pH of blood. 

Sodium.—The sodium ion is also completely diffusible as may 
be seen from Table II (allowing for the errors in the sodium 
method). The complete diffusibility of the sodium ion at the 
pH of blood serum is supported by the results of most of the 
recent workers in the field of dialysis. 

Chlorine.—We have not recorded in any table the results ob- 
tained on chlorine, principally because most of the chlorine was 
lost at the positive electrode. We are of the opinion that the 
chlorine ion is completely diffusible. The absence of the chlo- 
ride ion in the remaining serum and gel from dialysis seems to 
support this view. 
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Calcium. —Results of the dialysis of the calcium ion are pre- 
sented in Table III. We must direct attention to the variations 
in the amount of ionizable calcium in the different specimens 


TABLE I. 
Dialysis of Potassium. 
: 
i 2 1/35/ 3 
mq. mq. per 
100 ce. 100 ce. cont 
7532 | 15.3) 15.9) 100 Collodion. 29 | Acute rheumatic fever. 
75972, 16.5) 20.1) 121 Acute pharyngitis. 
7741 17.2) 16.4) 95.3 53 | Syphilis. 
7813 | 15.4} 16.7) 108 cs 51 | Angina pectoris. 
7886 | 14.0} 20.0} 142 51 | Uleer of duodenum. 
442 | 18.8) 22.8) 121 _ 51 | Cholelithiasis. 
7834 | 16.7) 17.6) 105 n 54 | Carcinoma of stomach. 
7938 | 17.4) 18.6] 106 a 18 | Chronic pulmonary tuber- 
culosis. 
55 =| 19.0) 22.9) 120 as 41 | Acute rheumatic fever. 
8193 | 15.0} 18.0} 120 5 48 | Bronchial asthma. 
Dr. W.| 14.5) 18.7| 128 as 47 | Normal. 
8359 | 16.5) 15.5) 93.9 ' 31 | Syphilis, paralytic de- 
mentia. 
8174 | 28.4) 24.5) 86.2 a 48 | Carcinoma of glands of 
neck. 
8620 | 15.5} 16.5) 106 45 | Tumor of abdomen. 
8673 | 16.7) 17.1) 102 1 45 | Mitral stenosis and in- 
sufficiency. 
7633 | 14.6) 14.0) 95.8 Hemiplegia. 
6166 | 15.9) 16.4) 103 - 48 | Varicose veins of base of 
tongue. 
9856 | 17.5 17.4 100 . 49 | Hyperthyroidism. 
6002 | 11.1) 12.7) 114 Parchment. | 20 | Chronic nephritis, hyper- 
tension. 
10692 se 17.0} 96.8 ™ 20 | Cardionephritis. 
Average......... 106.5 
of serum studied. We are at a loss to explain why in five cases 
no calcium came through the outside membrane, while in the 
same cases with the same membrane and under the same con- 
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ditions the potassium, sodium, and magnesium did dialyze. It 
would seem that this method of dialysis differentiates between 
those ions held in combination, and those which are free, as evi- 
denced on the one hand by the sodium and potassium, and on the 
other by the calcium. Our results show that the calcium ion is 
not over 28 per cent dialyzable under our experimental conditions. 
The variations in the amount of ionizable calcium may be of some 


TABLE IL. 
Dialysis of Sodium. 


Case No. Serum. | Dial ysed. Membrane. 
mg. per 100cc.| mg. per 100 cc. per cent Ars. 
7532 310 232.5 7o.5 Collodion. 29 
315 287.5 91.2 
7939 300.6 322.8 107 40 
7741 308 301 Q7 
7515 320.8 295 91.9 ol 
7586 31S 300 94.5 ol 
44? 316.7 330 103 51 
7834 302 298.7 98.9 
7938 302.5 317 104 - 18 
$99 329 ooo 97.5 41 
330 323 97.8 48 
Dr. W. 298.5 298 .6 100 - 47 
$359 325 305 94.4 31 
$174 304 313 102 48 
$620 304 304 100 ay 45 
8673 303 302 100 " 45 
6166 335 318.7 95.1 ns 48 
9856 338 3358 100 ” 49 
6002 338 315 93.1 Parchment. 20 
10692 321 324 100 ” 20 


clinical value, since the total serum calcium, which includes ionic 
calcium is with the exception of tetany, fairly constant within 
narrow limits. While the total calclum may not change, varia- 
tions in the ionic calcium apparently occur. ‘This phase of the 
problem is to be investigated further. 

In Tables III and IV it is noted that calcium and magnesium 
were found in both inside and outside dialysates. The existence 
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of some complex negative ion or ions containing calcium or mag- 
nesium or both, is the only explanation of their presence in the 
anodic solution. This solution gave negative tests for protein 


TABLE III. 


Dialysis of Calcium. 


Case No, Serum. | Membrane. 
ysate. 
"00 100 per cent 100 per cent Ars. 
7532 10 0). 64 6.4 Collodion. 29 
7972 10.2 0.50 4.9 
7539 10.3 0.60 5.8 40 
77Al 10 0). 20 2.0 
7813 10.3 0.25 2.4 ™ 51 
7886 10.2 0) 0) 
442 10.3 1.10 10.6 ™ ol 
7834 9.7 0.58 6.0 54 
7938 10.3 0.20 1.9 ” 18 
855 10.6 () 4] 
S193 10.4 0.25 2.3 48 
Dr. W. 10.5 0.40 47 
$359 9.5 0). 42 4.5 31 
8174 12.2 0.77 6.3 = 48 
10.6 0).25 2.3 45 
8673 9.8 0.10 1.0 ms 45 
7633 9.5 1.40 14.7 " 
6166 11.0 0 0 0 () ™ 48 
9856 9.8 0.6 6.1 49 
10131 10.0 0 0) 0.16 1.6 " 4+ 
10131 10.0 0.16 1.6 | 0.48 4.8 S. and 8. 44 
10255 8.8 0.31 3.6 | 0.20 2.2 Collodion. 29 
6002 6.6 0.56 8.5 | 0.50 7.5 Parchment. 20 
10692 8.5 0) 0) 0.30 3.0 20 
11059* 9.2 0.90 9.7 | 0.80 8.9 7 12 
110297 9.0 0.70 1.90 | 21.0 19 


* 2 ce. of serum used for dialysis. 
} 2 ec. of serum used for dialysis (case of mercurial poisoning). 


and the non-biuretic degradation products of albumin, but gave 
a positive test for nitrogen after distillation with potassium per- 
manganate. 

Magnesium.—-Table IV shows the dialysis of magensium, 42 


j 
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per cent being the largest amount ionizable. Here again, we 
must apply the same discussion as in the data presented for the 
calcium. 

Phosphorus.—Both dialysates were examined for inorganic 
phosphorus and in no case was sufficient color obtained to com- 
pare against the standard, and we are unable to report any 


TABLE IV. 
Dialysis of Magnesium. 
Case No. | Serum. Membrane. 
"100 "00 per cent "100 per cent hrs. 
7572 1.9 0.5 26.3 Collodion. 
7539 2.4 17.0 40 
7741 2.0 0.40 20.0 03 
7813 2.8 0.92 32.8 dl 
7886 2.4 0.30 12.5 ‘a 51 
442 2.2 0.60 27.2 ol 
7834 2.6 0). 44 16.9 54 
7938 2.9 0.11 4.0 = 18 
855 2.9 0.40 17.2 ” 41 
$193 0.19 7.0 48 
Dr. W 2.2 0.19 8.6 “4 47 
8174 1.9 0.43 22.6 = 48 
8620 2.0 0.20 10.0 45 
8673 2.0 0.48 24.0 os 45 
7633 2.9 0.48 16.9 - 
6166 3.9 0.30 8.5 ws 48 
9856 2.0 0.24 12.0 0.60 30.0 ” 49 
10131 2.8 0.29 10.0 0.24 8.6 sd 44 
10255 3.0 0.15 3.0 0.29 9.6 S. and §S. 29 
6002 2. 0.30 13.6 | 0.20 9.0 Parchment. 20 
10692 2.1 Trace. 0.50 | 23.8 ™ 20 


quantitative results. It seems reasonable to suppose that phos- 
phate and calcium, and perhaps magnesium, are in such combina- 
tion that when subjected to electrodialysis they are not readily 
ionized. 

Distribution of Ions after Electrodialysis.—Table V shows the 
results of the analysis of the serum before dialysis, the inside and 
outside dialysates, and the remaining serum and gel. It is ob- 
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vious that within the limits of error of the methods employed 
the sodium and potassium are completely dialyzable, while the 
calcium and magnesium are in two forms, one ionizable, and the 
other in such combination that it cannot be broken up by the 
electric current under our experimental conditions. The same 
holds true for a solution of blood salts (18) to which gelatin has 
been added to make a 1 per cent solution and brought to the pH 


TABLE V. 
Distribution of Ions after Dialysis. 
Outside | Insid 
Case No. Ion. Serum.| dialy- dialy- | Membrane. 
sate. sate. liquid ei 
100 ec. | 100cc. | 100cc. hrs, 
6002 Sodium. 338 | 315 0 0 Parchment. 20 
Potassium. 11.1) 11.4)90 0 
Calcium. 6.6) 0.56) 0.50 | 5.3 
Magnesium. 2.2} 0.30) 0.20 | 1.72 
10692 Sodium. 321 324 0 0 Parchment. 20 
Potassium. 17.6; 17.0] 0 0 
Calcium. 8.5) 0O 0 8.2 
Magnesium. 2.1) Trace.| 0.5 | 1.6 
10131 Calcium. 10 0.16; 0.55 | 8.12 | S. and S. 44 
Magnesium. 2.8| 0.15) 0.31 | 1.40 
10255 Calcium. 8.8) 0.14) 0.40 | 7.93 | S. and 35. 29 
10255 Calcium. 8.8} 0.30) 0.31 | 6.70 | Collodion., 29 
Gelatin Sodium. 781 744 0 0) Parchment. 36 
solution.| Potassium. | 239 | 230 0 0° 
Calcium. 9.9| 0.10) 0.38 | 9.44 
Magnesium. 2.5; Trace. | 0.21 | 2.30 


of blood by the addition of solid sodium carbonate. Trom the 
latter result one would conclude that the bivalent ions, calcium 
and magnesium, are held in some complex combination. 


SUMMARY. 


Human blood serum has been subjected to electrodialysis with 
the following results. 


i 
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| i 

; 


124 Electrodialysis of Blood Serum 


1. The sodium and potassium are completely dialyzable. 

2. Calcium, magnesium, and phosphorus are found in both 
anodic and cathodic solutions. Our results indicate that they 
are partly in complex combination, and partly ionic. 

3. Chlorine appears only at the anode. 
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THE METABOLISM OF SULFUR. 
X. THE DETERMINATION OF CYSTINE IN THE URINE. 
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University of Michigan, Ann Arbor.) 
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In an investigation of a case of eystinuria by one of us (L.) in which the 
cystine content of the urine was determined by the recently introduced 
colorimetric method of Looney (1), high values for cystine were obtained, 
values which were considerably greater than those reported in most earlier 
studies of cystinuria. It is admitted that the older methods of cystine 
determination were not adequate, but it was felt that some comparison of 
the results obtained by their use with those obtained by the Looney method 
was desirable, in order to afford a basis for a comparative analysis of our 
data and those of earlier workers, who have used other methods for the 
estimation of urinary cystine. 

Methods for the quantitative determination of urinary cystine may be 
grouped under two heads, indirect and direct. The indirect method of 
calculation introduced by Mester (2) was based on the determination of the 
so called ‘‘neutral’’ sulfur obtained by subtracting the total sulfate sulfur 
from the total sulfur of the urine. This organic or neutral] sulfur was as- 
sumed to be present entirely as cystine sulfur. It has been pointed out by 
Alsberg and Folin (3) and others, however, that since normal urine con- 
tains a small amount of neutral sulfur which is not markedly influenced 
by the character of the diet (4), more nearly correct values may be obtained 
by calculating as cystine sulfur the figure obtained by subtracting the nor- 
mal average daily figure for the neutral sulfur from the neutral sulfur con- 
tent of the cystinurie urine. This assumes that the neutral sulfur not eys- 
tine sulfur in the urine of the ecystinurie individual remains normal and 
constant. Whether such an assumption is justifiable is questionable, since 
in the case studied by Looney, Berglund, and Graves (5), under certain con- 
ditions, the cystine sulfur of the urine, estimated directly by colorimetric 
procedure, equalled the neutral sulfur, while under other conditions, the 
neutral sulfur not cystine sulfur exceeded the normal figure. 


1 Williams and Wolf (8) who determined the cystine content of the urine 
gravimetrically according to Gaskell’s method (6), also concluded that the 
increase in neutral sulfur which is so marked in cystinuria could not be con- 
sidered to be due entirely to cystine. In their experiments, the neutral sul- 
fur not cystine sulfur varied from 0.113 to 0.286 gm., an amount clearly 
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The direct methods prior te the colorimetric method of Looney (1) were 
based largely upon the gravimetric determination of the cystine precipi- 
tated from urines made acid with acetic acid. Of these, the method of 
Gaskell (6) which has been modified in minor details, has been employed 
most frequently. After the removal of phosphates by calcium chloride and 
ammonia, the filtrate is acidified with acetic acid and the insolubility of 
the cystine is increased by the addition of an equal volume of alcohol or 
acetone, preferably the latter. The precipitated cystine is dissolved and 
reprecipitated by acetic acid and acetone as before, the precipitate is 
filtered off, dried, and weighed. Recently Magnus-Levy (7) has criticized 
this method and has suggested that alcohol is preferable to acetone. After 
a single precipitation by alcohol, the cystine is filtered off and determined 
by polariscopic methods. Each of these procedures is limited by the fact 
that cystine is not precipitated as completely from the urine as from pure 
solutions. 

The colorimetric method of Looney (1) depends upon the reduction of 
cystine to cysteine by sodium sulfite and the reaction of the mercapto 
group of the cysteine thus formed with Folin’s uric acid reagent in the 
presence of sodium carbonate. It is assumed that no other substances 
which will react with sodium sulfite to form derivatives which will give the 
characteristic blue color with the uric acid reagent are present in urine, 
normal or cystinuric. 


In the present study, a comparison has been made of the Looney 
colorimetric, the Gaskell gravimetric, and the Magnus-Levy 
polarimetric methods. In addition the purity of the cystine 
obtained by Gaskell’s method has been checked by polariscopic 
examination, by the colorimetric procedure of Looney, and in 
some cases by the gravimetric determination of the sulfur content. 


EXPERIMENTAL. 


Cystine (as the sulfate or the hydrochloride) was added in known 
amounts to normal urine or to water in amounts equivalent to 


above the normal neutral sulfur excretion. Inasmuch as Magnus-Levy (7) 
and we in the present paper have shown that cystine is not completely pre- 
cipitated from urine by Gaskell’s procedure, these high figures probably 
include a considerable amount of cystine sulfur. This will be considered in 
greater detail ina later paper. Hele (9) who employed the Gaskell method 
for the determination of cystine has also reported large excretions of neu- 
tral sulfur not cystine sulfur in cystinuria, particularly in one case in which 
the neutral sulfur not cystine sulfur excreted in 1 day was estimated at 
0.396 gm. of sulfur. He suggests that his figures may indicate ‘‘some ab- 
normality of sulfur metabolism other than that involved in the excretion 
of cystine, provided there is no great error in estimation.”’ 
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approximately 160, 80, or 40 mg. per 200 ce. The urine was then 
treated with calcium chloride and ammonia as in the Gaskell 
procedure, made up to known volume, allowed to stand 1 to 2 
hours, and filtered. Aliquots (usually 250 cc.) corresponding to 
200 ec. of the urine were taken for analysis by the Gaskell acetone 
or the Magnus-Levy alcohol precipitation method. The precipi- 
tated cystine was filtered off on an asbestos mat into a weighed 
Gooch crucible, dried at 100°, and weighed. The alcohol or ace- 
tone was removed from the filtrate by distillation and the cystine 
content of the filtrate was determined colorimetrically by the 
method of Looney. 

After the alcohol precipitation, the cystine was dissolved in 10 
to 15 ee. of hot molar hydrochloric acid, and the rotation of the 
solution determined in a polariscope. In calculating the cystine 
concentration of the solution from the observed rotation we have 
used 205° as the specific rotation of cystine at 23°, rather than 
223.8° as recommended by Magnus-Levy. We have determined 
the specific rotation of the cystine solutions added to the urine and 
have obtained this figure. Possibly the cystine used in our experi- 
ments was not pure /-cystine, but contained small amounts of the 
dliform. We believe that the use of this figure in our own experi- 
ments was justified since analyses for sulfur have given values 
which check closely the values obtained polariscopically with the 
use of the figure 205° for the specific rotation. If the higher rota- 
tion recommended by Magnus-Levy were used, the values for 
cystine obtained by polariscopic determination would have been 
considerably lower than those recorded in the table. 

In the Gaskell determinations, the precipitated cystine was dis- 
solved in ammonia, the solution filtered, and the cystine repre- 
cipitated by acetic acid and acetone. The cystine after the second 
precipitation was filtered off, dried, and weighed as before. The 
filtrates from the second acetone precipitations were also concen- 
trated and the cystine present was determined colorimetrically. 
The weighed precipitate of cystine was dissolved in hot hydro- 
chloric acid as in the Magnus-Levy procedure and analyzed polari- 
scopically. In some experiments the Gaskell method was em- 
ployed but the second precipitation with acetone was omitted, 
the cystine being dried, weighed, and determined polariscopically 
after a single precipitation with acetone. 


t 
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TABLE I. 


Experiment No. 


Procedure for 
precipitation, 


1. Water. 


2. Normal 
urine. 


3. Normal 
urine. 


4. Normal 
urine. 


5. Normal 
urine. 


Gaskell double 
acetone. 


Magnus-Levy 


single alcohol. 


Gaskell double 
acetone 


Magnus-Levy 


single alcohol. 


Gaskell double 
acetone. 


Magnus-Levy 


single alcohol. 


Gaskell double 
acetone. 


Gaskell single 
acetone. 
Gaskell double 
acetone. 
Gaskell single 
acetone. 
Gaskell double 
acetone. 


Cystine added. 


Cystine recovered as Cystine in 
determined by: filtrates. 
fis 
< E Ist. 2nd. 
mg. | mg. | mg. | mg. mg mg. 
147 |148 |144 |145 | Trace.| None 
146 |140 |148 Trace 
143 (135 |129 |139 | None. 
131 107 70 
130 (110 111 
135 |108 114 44 
142 |117 119 38 5 
141 |117 119 26 4 
143 (123 116 30 2 
S97 |131 127 39 
934 (128 |124 38 
699 |132 42 
282 |125 |124 27 3 
300 (132 31 3 
280 |132 |129 33 3 
40 | 26 | 29 44 
41 | 28 | 30 48 
oe | 22 | 21 
61 | 46 | 50 2 2 
61 | 52 | 49 38 2 
58 | 51 | 47 30 1 
33 | 20 | 17 19 
27 | 16 | 15 28 
29 | 20 | 21 23 1 
19 | 14 | 14 35 2 
87 | 63 | 61 24 
87 | 64*) 56 27 
66 | 47 | 46 32 | Trace. 
66 | 54 | 52 27 1 


* Solution colored. Difficulty experienced in obtaining satisfactory 


readings. 


157 | 
| 137 | 
| 
160 
60 
160 
| 160 
(160 
160 
| 160 | | 
| 160 
| 160 
| | 
| 80 | 
| | 80 | 
| | 
| | 
| 
i 
| | 40 | 
| | 40 | 
| | 80 | 
| | 
| 80 | 
| | 
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After the polariscopic examination of the cystine solutions, a 
colorimetric analysis (Looney) was carried out and in some in- 
stances the sulfur present was determined gravimetrically after 
oxidation of the cystine with Denis’ modification of the Benedict 
sulfur reagent. 


DISCUSSION. 


A typical series of experiments is presented in Table I. Pure 
cystine (Experiment 1) was recovered from aqueous solution by 
the Gaskell procedure nearly quantitatively (about 93 per cent). 
Moreover, the cystine precipitated and weighed directly was pure 
as is demonstrated by the close correspondence between the values 
obtained gravimetrically, polarimetrically, colorimetrically, and 
by determination of its sulfur content. When cystine was added 
to the urine, however, the recovery was not so satisfactory, and 
the precipitated cystine was not pure. Thus in Experiment 2, 
less than 70 per cent of the cystine added to normal urine was 
recovered by Magnus-Levy’s alcohol precipitation-polariscopic 
method. The value for cystine obtained in this way checked very 
closely with the cystine as calculated from the total sulfur deter- 
mination on the solution which was used for the polariscopic 
examination. The recovery by the Gaskell method in this experi- 
ment was apparently more satisfactory, but if the results of the 
analysis of the precipitate for sulfur and by the polariscope be 
compared with the gravimetrie figure, it is evident that the sub- 
stance as weighed was impure and that the recovery by this method 
was little better than that obtained by the Magnus-Levy method. 

In Experiment 3, it will be noted that the weight of the precipi- 
tated cystine was greatly in excess of the amount added, that 
analysis of the precipitate showed that the cystine was obviously 
very impure, and that the recovery was only slightly greater than 
in Ixperiment 2. The usual procedure was altered slightly in 
this case. After the addition of calcium chloride and ammonia 
to the urine, until no further precipitation was produced, the mix- 
ture was filtered immediately instead of being allowed to stand for 
1 to 2 hours as was usually the case. Gaskell does not recommend 
that the liquid be allowed to stand before filtration, while Magnus- 
Levy advises that a period of a few hours elapse before proceeding 
with the filtration. The precipitate after the addition of the ace- 
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tone or alcohol was formed almost immediately and appeared 
amorphous and distinctly different from that obtained in other 
experiments. It isevident from this and other similar experiments 
that a substance which is precipitated later by acetone or alcohol 
remains in solution if the phosphate precipitate is filtered off imme- 
diately. Examination of this substance, which is not cystine, 
has indicated that it is, in part at least, composed of calcium sul- 
fate, which evidently comes down slowly under the conditions 
under which the phosphates are removed. 

The other experiments which are concerned with the recovery 
of smaller amounts of cystine, amounts which are more nearly 
comparable to the cystine content of cystinuric urine show simi- 
larly that the precipitated cystine was not pure, and that the polari- 
metric procedure gave results which agreed with the colorimetric 
analysis of the precipitated material. In no case, however, with 
these smaller amounts of cystine was the recovery satisfactory. 

Magnus-Levy has stated that the amount of cystine which re- 
mains dissolved after precipitation with alcohol is constant and is 
independent of the concentration of the solution. According to 
his results this solubility of cystine is about 6 to 8 mg. per 100 ec. of 
urine. These results were obtained by difference, being the amount 
of added cystine not recovered. In our own experiments, we have 
demonstrated by direct analysis of the filtrate by Looney’s colori- 
metric method that little cystine remains in solution after the 
Caskell acetone precipitation of cystine from pure solutions, but 
that with urines containing small amounts of added cystine 40 to 
50 per cent may escape precipitation. In the precipitation by 
alcohol according to Magnus-Levy, considerably more cystine 
remained in solution as determined colorimetrically than was 
observed in his experiments. It may be argued that the Looney 
colorimetric method gives results which are too high. However, 
when this method was applied directly to the urines of the above 
experiments, to which cystine was added, the recovery was always 
satisfactory, and in no case was the amount of cystine as deter- 
mined greater than was to be anticipated, if the fact that nor- 
mal urines contain small amounts of amino acids, including 
cystine (5), be considered. 

We believe that these results indicate that the Looney procedure 
gives the most satisfactory results for the determination of cystine 
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in urine. However, if a separation of the cystine from the urine 
by precipitation is considered necessary or desirable, we would 
recommend analysis of the precipitate either polarimetrically 
(Magnus-Levy) or colorimetrically (Looney) in order to deter- 
mine whether the cystine precipitate is contaminated by other 
material. We have not been able to discover in our experiments 
any superiority of alcohol over acetone as a cystine precipitant 
as maintained by Magnus-Levy. 


SUMMARY. 


1. A comparison of the Looney colorimetric, the Gaskell gravi- 
metric, and Magnus-Levy polarimetric methods for the estimation 


of cystine in urine has demonstrated the superiority of the direct | 


colorimetric procedure over those methods which involve precipi- 
tation, particularly where small amounts of cystine are concerned. 
In our experience, these methods give results which are 40 to 50 
per cent too low if the amounts of cystine are of the order of mag- 
nitude usually present in cystinuric urine. 

2. If it is considered desirable to precipitate the cystine for the 
analysis, it is recommended that the purity of the precipitated 
cystine be determined by polarimetric (Magnus-Levy) or colori- 
metric (Looney) methods since, in our experience, the cystine 
weighed in Gaskell’s gravimetric method is impure. 
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There is a general impression that ketonuria is more easily 
produced in pregnancy. Porges and Novak (1) and Pritzi and 
Lichtmann (2) propose a test for pregnancy based on the more 
ready production of “acetone” when gravida are placed upon a 
low calory diet consisting mainly of protein. The fact that the 
placenta appears to be impermeable to maternal plasma lipoids 
(3) and the consequent supposition that the fetus manufactures 
its own store of fat from circulating carbohydrate is readily 
construed in favor of an easier production of ketonuria. The 
carbohydrate deficiency theories which have been proposed as 
an explanation of the nausea and vomiting of early pregnancy 
(4, 5) coupled with the facts that the ketone production (6) and 
urinary ammonia (7) of such patients is often extremely high, 
might point in the direction of a lowered threshold of ketosis, 
The treatment of diabetes in pregnancy also would appear to 
offer its own peculiar difficulties. Whether this is due to the 
increased metabolism as suggested by Joslin (8), or whether there 
is a small but definite lowering of carbohydrate assimilation as 
suggested by Allen (9), is not certain. A number of factors may 
be concerned. Ceelmuyden (10), however, seems positive in 
his statement that there is a special liability to acidosis and coma 
in pregnant diabetic women. 


* The thanks of the authors are due to the Medical Research Committee 
of the University of Toronto for a grant which enabled them to carry out 
this work. Their thanks are also due to Miss I. M. Kelsey and Miss H. 
Murphy for their care of the cases under observation and to Miss J. Porter 
and Miss M. J. Ketchem for their supervision of diets. 
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In order to throw light on some of these problems we have car- 
ried out a series of experiments to determine as precisely as pos- 
sible the threshold of ketonuria in normal pregnant women. ‘The 
calculation of the threshold of ketosis in man has been presented 
in great detail during recent years. Woodyatt (11) and Shaffer 
(12) have been most prominent in the quantitative exposition 
of the antiketogenic action of glucose. The earlier work of the 
latter supposed one molecule of glucose to be antiketongenic to 
one molecule of acetoacetic acid. The supposition was based on 
an in vitro analogy of the oxidation of acetoacetic acid by hydrogen 
peroxide in the presence of glucose. The determination of the 
point of extinction of the ketonuria of fasting or of protein-fat 
diets by means of added carbohydrate, supported this analogy. 
Later the supposition was revised. It did not allow the predic- 
tion of the amounts of “total acetone”’ excreted on high fat diets. 
Diets which theoretically should have produced a high ketonuria 
produced only a small amount. Neither did it quantitatively 
predict the ketonuria of severe diabetics. It was then supposed 
that one molecule of glucose was ketolytic for two molecules of 
acetoacetic acid when the latter was produced in excess, and that 
the ketogenic fraction of protein had been undervalued by 50 
per cent. This alteration in the values of the metabolic factors 
enabled Shaffer to calculate the “‘expected acetone”’ in severe 
diabetics and in those cases of fasting where large amounts of 
acetone were produced, with much greater accuracy than formerly. 
There were, however, still left unexplained a number of cases of 
ketosis, especially those occurring on low carbohydrate diets. 
This brief review of the general position on the quantitative as- 
pect of the threshold of ketonuria has been given, not with the 
view of disparaging able and painstaking work, but to emphasise 
that we find ourselves in a somewhat similar position in discussing 
the threshold of ketonuria in pregnancy. 


Subjects. 


The subjects of these experiments were all normal women at 
various stages of pregnancy. As far as we can tell the stage of 
gestation made no difference in our results. During the experi- 
ments the women were confined to bed. An extra 20 per cent 
was added to the basal metabolism to cover the specific dynamic 
action of protein and movements in bed. 
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Analytical Methods. 


Urines were collected in 24 hour periods. Acetone bodies were 
determined by the method of Van Slyke (13), all results being 
expressed as total acetone (acetone + acetoacetic acid + hydroxy- 
butyric acid). Blank determinations were made on_ urines 
showing less than 0.5 gm. of acetone in 24 hours, and a positive 
nitroprusside reaction confirmed the presence of abnormal 
amounts of acetone. Total N was determined by lKjeldahl- 
Gunning method. 


Calculation of Results. 


In calculating the ketogenic-antiketogenic balance the usual 
assumptions were made. (a) All food carbohydrate was utilised; 
(b) urinary N represented the catabolised protein; and (c) the 
remainder of the calories was derived from fat. As our object was 
to calculate the threshold of ketosis we utilised the first set of 
values given by Shaffer, assuming one molecule of glucose to 
be antiketogenic to one molecule acetoacetic acid. 


Ketogenic (K). Antiketogenic (A), 
mM mM 


1 gm. fat = 3.43 0.57 
1 “ glucose = 0.00 5.56 
1 “ urine N = 10.00 20.00 


We have assumed the threshold of ketosis to be that point at 
which the amount of acetone found in the urine is 3 gm. or less. 
Although this seems a large amount of ketone yet it represents 
an amount well within the range of experimental error. The 
chief error in all these and similar calculations is in the determina- 
tion of the total metabolism. An increase of 100 calories in the 
total metabolism of a subject at the threshold of ketosis would 
cause an excretion of 2.7 gm. of acetone on the assumption that 
1 gm. of fat produced its theoretical amount of acetone (0.198 
gm.) and giving a value of 7.43 calories for the heat of combus- 
tion of 1 gm. of acetone. Allowing for the antiketogenic action 
of glycerol 1 gm. of fat would only produce 0.166 gm. of acetone. 
Under these conditions an increased combustion of fat represent- 
ing 100 calories of total metabolism would give slightly over 
2 gm. of acetone in the urine. 
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Ketogenic-Antiketogenic Ratio in Pregnancy at the Point of 
Extinction of Ketonuria by Cane Sugar. 
(Tables I and ITI.) 


These experiments are comparable to those of Lang (14) on 
the extinction of fasting ketosis in man. As it was not deemed 
advisable to carry out a long period of fasting in our cases a 
low calory diet of protein and carbohydrate was given, which, 
by leaving a large majority of the calories to be derived from body 
fat, ensured a ketonuria. The diet furnished 495 calories, con- 
sisted of eggs, lean beef, skim milk, vegetables, and fruit and 
contained protein 40.7 gm., carbohydrate 44.2 gm., fat 15.8 gm. 

We have termed this the basal diet. Three experiments were 
performed using two subjects. The basal metabolism was de- 
termined at the beginning and end of each experiment by use of 
the Douglas bag. In all three cases the basal metabolism was 
found to be slightly diminished at the end of the experiment. 
This was allowed for in the calculation of the total metabolism, 
it being supposed that two-thirds of the diminution occurred in 
the first half of the experimental period When N and acetone 
equilibrium had been established on this diet 15 gm. of cane sugar 
were added, and some days afterwards a further 15 gm. of cane 
sugar were given. 

The two experiments on subject M-l-r. (Table I) are in good 
agreement. There is a definite but small ketosis on the basal 
diet which is not extinguished until 30 gm. of cane sugar have 
been added. We take it that the point of extinction of ketonuria 
in this case lies midway between these two diets, as represented 
by the basal diet and 15 gm. of cane sugar. The ratio K:A varies 
on this diet from 1.005 to 1.09 in Experiment 1, and from 1.05 to 
0.88 in Experiment 2. With 30 gm. of cane sugar added to the 
basal diet the ratios vary from 0.86 to 0.93. The threshold of 
ketonuria lies somewhere around the ratio K:A::1:1. 

The experiment on B-l-n. (Table II) would appear to show 
different results. Only on 1 day (January 17) did the ratio K:A 
rise over 1 and yet ketonuria was constantly present until 4 
days after the addition of 15 gm. of cane sugar to the basal diet. 
With 30 gm. addition of carbohydrate to the diet the ketonuria 
became vanishingly small. Also ketonuria was more quickly 
produced in this subject. Are we to assume that the threshold 
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of ketonuria in B-l-n. was definitely lower than in M-l-r.? An 
additional expenditure of energy of 150 calories in the form of 
fat would be sufficient to make the calculations of the K:A ratio 
on the two subjects almost identical. Such a variation is within 
the error of experiment and such fluctuations in the K:A ratio 
should be encountered when the calculation is so dependent on a 
guess at the total metabolism. 

Although we have argued that the threshold of ketosis in these 
experiments lies at a point represented by the combustion of the 
basal diet plus 15 gm. of cane sugar, yet a small definite ketosis 
is still present. The addition of 15 gm. of carbohydrate in 
this manner to the burning mixture a priori should have shown a 
much greater effect on the acetone. Acting isodynamically and 
exclusively as a protein sparer the cane sugar would reduce the 
urine N by 2.4 gm. If it replaced fat isocalorically the equiva- 
lent of 6.61 gm. of fat should have disappeared from the urine 
acetone. This in simple molecular proportion of one molecule 
of fat to three molecules of acetone would amount to 1.3 gm., 
but on the theory of the antiketogenic action of carbohydrate 
would be 6.3 gm. (3.43 X 6.61 K + 0.57 X 6.61 A + 5.56 X 
15 A = 108.73 millimols will be transferred from K to A when 
6.61 gm. of fat are replaced by 15 gm. of carbohydrate: 108.73 
xX 0.058 = 6.3 gm. of acetone). In M-l-r. in Experiment 2 the 
effect was entirely confined to the protein. In M-l-r. in Experi- 
ment 1 there was some sparing of protein corresponding to about 
1 gm. of urine N which should have left over 8 gm. of carbohydrate 
to act as a fat sparer and have been sufficient to abolish the keto- 
nuria. In B-l-n. there appeared to be little effect on the N and 
less than 1 gm. of acetone disappeared from the urine only after 
4 days. 


Ketogenic-Antiketogenic Balance in Pregnancy on Diets High 
in Fat. 


In this series of experiments diets high in fat were given to 
normal pregnant women. In all, eleven experiments were per- 
formed on five subjects. Three diets were used. Diets I and II 
contained ordinary articles of food given as three meals a day, 
whereas Diet III, consisting exclusively of milk, cream, and egg 
white, was given in seven portions throughout the day. The 
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diets are shown in Table III. The diets were arranged to be 
below the calory requirements of the subjects, it being assumed 
that the deficiency would be made up by the combustion of body 
fat. IKxetosis was produced in all cases. Basal metabolism in 
this series was obtained by calculation according to Sandiford 
(15). This author has recently described a method for the 
calculation of the basal metabolism in pregnancy which takes 
into account the increased metabolism due to the surface area of 
the fetus. 


TABLE IIL. 
Diet I. Diet II. Diet IIL. 
gm. gm. gm. 
60 | Grape fruit....... 75 | Cream 32 per 
176 | Cream........... 190 | Egg white 85 
55 | Meat...... . 8d 
ee 25 | 10 per cent vege- eee 40.6 
10 per cent vege- 129.0 
20 | 5 per cent vege- Carbohydrate... 44.5 
105 25 | Calories........ 1546 
Macaroni......... 32 | Gelatin (with | 
saccharin)..... 5 | 
Apricots or | 
30 
Carbohydrate..... 57.8] Protein.......... . 42.1 
Carbohydrate.... 38.1. 
| 


In Table IV is shown the result of this series of experiments 
when the acetone excretion did not exceed 3 gm. The records 
of the first few days of diet are omitted. In some of the 
experiments the intake of sodium chloride was varied greatly 
but without influence on the ketonuria. The K:A values vary 
from 1.04 to 1.47. In G-h-m. in Experiment 1 there is a good 


j 


é 

4 

ab 
| d 

3 


Pregnancy 


is 1n 


Ketos 


142 


62°2 61'S | OS | | 
eee | CS | | | 6 » ZZ 
69'e | | 98°6FG | IG SSF] H'S III | 9 
quowedxy 

| SO'T:L| IL 09F| 20°2 — 
£9°S | OL'I:L | 02°66 | Sc ter} "SOLIOTBI FECT 
| | 19°66F | ¢O'99F| ‘sour ¢ ‘snjoj jo 
cg'¢ | | IL 66h | IL 9et Leg LOT 9431044 
| FL°66F | 62° III (61 ‘ul “43 ¢ 
“ydag 

"146 "ui 6 ‘ub 

| ‘punoy 
“AT LAVAL 


| 
| 4 
} 
| 
| 
| 
| 
} 
5 
| 
| 
} 


143 


2 


- 


V. J. Harding and K. D. Allin 


921° 
Ch CE9 


9¢ 
91 
LE 
8E9 
Te 


02 
CS 
GS 
90 °€9¢ 
FS 


OL 


6¢ 11 
6€°9 
FEL 
cc '9 


LL¢ 
9 
$8°9 


ZEST 
JYSIOM 
‘sour Snjoj JO 

SIT 


FUSION 
‘soul fg snjaj jo ody 

QT 

FUSION 

‘urge “93 ¢ 

“p-u-'T 


FEO] UIST[OGBJOU [BIO], 
FEE FYSIOM 
‘sour snjaj Jo 

‘sik 77 

‘ur “93 ¢ 

“UBL 

‘e 


t 
— AMO SO & NO 
| SS See x 
j 
| 
| 
| NOooxnnn 
ae 3: 3 3 = 3 3 
| 
| 
i 


Pregnancy 


SFO. | 96°90¢] It | 83 Avyy "Ur ¢ 
AvyY 
Wud ‘m6 tze] 
“punoy 


ATAVL 


= 
= 


| 
| 
| 
| 
| 
| 
| i 
| 
| 
| 
| | 
| 
| | 


V. J. Harding and K. D. Allin 145 


agreement between the acetone excreted and calculated, but the 
other five experiments show much less acetone than should be 
expected. Such discrepancies are similar to those met with in 
the experiments of Hubbard and Wright (16), Hubbard (17), and 
of Wilder and Winter (18). If the factors for the evaluation of 
Ix and A are altered in conformity with Shaffer’s later postulates 
no ketonuria should be observed. 

In Table V we have tabulated the remainder of our experiments 
where the acetone excretion rose over 5 gm. The calculations 
and experimental conditions were under the same control as in 
the cases of Table 1V. Some of the subjects of this group showed 
high ketonuria on occasional days only, but I-b-s. showed per- 
sistently the highest ketonuria. We would not interpret these 
results to mean that the threshold of ketosis was lower in these 
particular subjects, but rather that we underestimated the total 
metabolism. Subject I'-b-s. was certainly one of the most active 
of our cases. The diet also gave her a considerable amount of 
pain. Subject Le B. too was a very alert woman. How easily 
the total metabolism can be affected under the conditions of our 
experiments may be gathered from the results on M-I-r. (Table 1) 
where for 2 days (January 15 to 16) a high acetone excretion was 
observed. This was due undoubtedly to a rise in total metabo- 
lism brought about by the presence on those 2 days of a serious 
case of pernicious vomiting in the same ward with consequent 
excitement and loss of sleep to the other patients. A similar 
rise in acetone excretion was observed in another subject on high 
fat diet at the same time. The easy production of large amounts 
of acetone in the cases cited in Table V led us at one time to sup- 
pose that pregnancy had lowered the threshold of ketosis (19). 

Criticism has sometimes been directed against experimental 
diets such as we have used because the fat is derived mainly from 
milk or milk products. This would produce per gm. of fat a 
larger amount of ketone bodies than would be derived from the 
combustion of body fat. As the calculation of K:A ratios de- 
pends upon the use of the molecular weight of the burning fat 
being 874 (body fat) and as the average molecular weight of 
butter fat is 743 such a criticism, if valid, would cause a large 
alteration in the factors derived from fat. The new factors 
would be 1 gm. fat = K 4.02, A 0.67 millimols. We have recal- 
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culated all our figures in this series of experiments using these 
new factors to correct for the amount of butter fat in the diets. 
The same general result is seen in all the cases. The discrepancy 
between acetone excreted and calculated becomes accentuated. 
Thus the three experiments on G-h-m. (Table IV) show an ace- 
tone excretion of 17.1, 28.3, and 8.1 gm. respectively for the 
period of observation. The calculated acetone using the ordi- 
nary factors is 17.8, 61.7, 34.8 gm. The calculated acetone, 
allowing for butter fat, is 46.2, 95.7, and 57.5 gm. Hubbard (17) 
discussed this question some time ago and concluded there was 
practically no difference in the amount of acetone excreted, 
whether the source of the ketone was body fat or ingested fat. 
Theoretically too, we should regard such a conclusion as sound. 
The greater part of the fat to be burned will be drawn from the 
fat depots of the body which remain approximately constant in 
composition, unless affected by prolonged feeding of a foreign 
fat. Only during the period of alimentary lipemia will a portion 
of the food fat gain direct access to the liver and thus perhaps be 
oxidised without mixture with body fat other than that of the 
lipoids of the circulating plasma. 


DISCUSSION. 


The problem of ketosis in pregnancy would thus appear to be 
similar to that in the non-pregnant condition. On the basis of 
one molecule of glucose being ketolytic to one molecule of ace- 
toacetic acid the abnormal appearance of acetone in the urine com- 
mences when the ratio of antiketogenic to ketogenic molecules 
is l:1. Yet we have found that increases in the ratio up to 1:1.47 
do not significantly increase the ketonuria in pregnancy. How 
is this brought about? Does glucose become ketolytic as a triose 
instead of a hexose as was suggested first by Lusk (20), later by 
Wilder and Winter, and postulated by Shaffer? Such an as- 
sumption has not harmonised all the facts of ketogenesis in 
man, and to state that some experiments possess a ketogenic- 
antiketogenic balance expressable by the ratio 1:1 and others 
by a ratio 2:1 is, in our opinion, only to state that there 
exists a mechanism not yet defined, which acts as a physi- 
ological check or buffer against the production of large amounts 
of acetone. It is probably the same mechanism, seen in a much 
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more efficient form, which operates in animals other than man 
to prevent ketosis on fasting. Of laboratory animals, the 
dog and rat are very resistant to fasting ketosis. We ourselves, 
and in this we have only confirmed the experiments of many 
other observers, have failed to observe ketonuria either on fast- 
ing or on feeding diets excessively high in fat to the dog. We 
have even tried the experiment on a Dalmatian dog excreting 
uric acid, in the hope that this similarity to man might yield 
a positive result. Baer (21), however, reported the occurrence 
of ketonuria on fasting in a monkey. Levine and Smith (22) 
have just reported the absence of any significant ketosis in the 
rat on high fat diets, though Wigglesworth (23) observed a 
transient ketonuria lasting 1 or 2 days in these animals upon such 
diets. 

The question too of adaptation against ketonuria on fasting 
or on high fat diets has never received adequate explanation. 
The theory of ketogenic-antiketogenic balance has made clear 
some apparent anomalies only to leave others. Allen (24) has 
made similar criticisms and has clearly defined the general problem. 
He has pointed out the necessity of a biological factor if we are to 
look at ketosis from a general standpoint. Shaffer time and time 
again points out the possibility of the combustion of fat without 
the production of acetone though he would only use such a hy- 
pothesis in event of failure of all other explanations. (ur experi- 
ments on the effect of 15 gm. of cane sugar on an apparently 
threshold ketosis are not conclusive. The factors are too many 
and too uncontrolled to allow us to draw the conclusion that the 
diffeulty of extinction of the urinary acetone was due to the re- 
placement of a fraction of fat burning without the production 
of ketone by its equivalent in carbohydrate. 

Teleologically we might expect a mechanism against the keto- 
sis of fasting especially in animals which, in their natural state, 
possess an intermittent food supply. Were a few days fasting 
to result in a severe ketosis with the possibility of coma and death 
such a species would rapidly become extinct. Is the ketosis of 
puppies (24), and the more intense ketosis of children, an ex- 
pression of the non-development of the physiological regulatory 
mechanism until adult life? 
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The unknown and important factor of total metabolism oc- 
curring in these observations prevents a satisfactory answer. It 
is probably neglect of this factor that has led to the conclusion 
that pregnant women show ketonuria more readily than non- 
pregnant women. Diets which would just be aketonuric in 
normal women, and such as were used by Porges and Novak and 
Pritzi and Lichtmann, would be ketonuric in pregnant women with 
the increased metabolic rate of the fetus. The feeding of high 
fat diets to diabetic pregnant women should take into account 
this extra metabolism of pregnancy. Then too the urinary N 
in pregnancy may be lower than usual, thus reducing the amount 
of antiketogenic material. The avidity of the fetus for N is 
sometimes remarkable. Thus subject G-h-m. in Experiment 2 
(Table IV) on a diet containing 40 gm. of protein excreted 5 gm. 
or less N during the last 5 days of the experiment. On an insuff- 
cient diet, and in presence of a ketosis, the subject was in a posi- 
tive N balance. Subject M-l-r. in Experiment 2 on a diet of only 
618 calories also gained N. The combination of these two fac- 
tors would make it appear that the threshold of ketosis in preg- 
nancy is low, unless quantitative measurements are made. 


SUMMARY. 


The threshold of ketonuria in pregnancy is the same as in the 
non-pregnant condition. 

Diets which theoretically should produce a large excretion of 
acetone may only produce a ketonuria slightly above the threshold 
value. 

In calculating the ketogenic-antiketogenic balance in preg- 
nancy attention should be paid to the raised metabolism occurring 
in the latter half of gestation. The urinary N may be unexpect- 
edly low, thus reducing the antiketogenic factor. 
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STROPHANTHIN. 


X. ON K-STROPHANTHIN-@ AND OTHER KOMBE 
STROPHANTHINS. 


By WALTER A. JACOBS ann ALEXANDER HOFFMANN. 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, April 30, 1926.) 


In recently published investigations! on so ealled erystalline 
K-strophanthin it has been conclusively shown that this material 
is a mixture from which were isolated a new erystalline bioside 
to which the name K-strophanthin-¢ has been given, eymarin, and 
other apparently amorphous more complex strophanthins. The 
analysis of the erystalline bioside as well as the fact that it formed 
a tetracetyl derivative suggested that it is a combination of 
strophanthidin and a biose consisting of a hexose and cymarose. 
Hydrolytie experiments established the fact that the union be- 
tween strophanthidin and the biose was the first point of attack 
by dilute mineral acids in the cold with the formation of the aglu- 
cone and a solution of the biose which on subsequent treatment 
with hot dilute acid appeared to be further hydrolyzed since the 
power of the solution to reduce Fehling’s solution was augmented. 
However, no crystalline osazone could be obtained from this 
mixture and with the limited amount of material available the 
problem appeared to present unusual difficulty. Certain color 
reactions which were given by this glucoside resembled in some 
respects those obtained with cymarose or cymarin but these 
reactions, especially the Keller-Kiliani test, were not typical for 
the latter. Most characteristic for the biose or the strophanthin 
is the clear purple color produced when it is dissolved in acetic 
acid containing iron, followed by the addition of a few drops of 
sulfuric acid. Since the observed color reactions were not ref- 
erable to ordinary sugars or to strophanthidin it appeared quite 


1 Jacobs, W. A., and Hoffmann, A., J. Biol. Chem., 1926, Ixvii, 609. 
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probable that the biose was really a derivative of a desoxy sugar, 
possibly cymarose. 

Following the preparation of more of the bioside we have con- 
tinued attempts to determine this point directly by a more careful 
study of the hydrolytic action of acidsupon it. It was found that 
after 1.5 hours heating of a solution of the glucoside in 0.5 N HCl 
at 80° the reducing power of the solution reached a practically con- 
stant maximum value, and even after much longer treatment the 
solution continued to give the characteristic violet color test pre- 
viously described. It was obvious that the union between the 
hexose and the suspected desoxy sugar was unusually stable 
towards acids, and either unchanged biose remained or a modified 
biose in which the desoxy sugar portion of the molecule had 
undergone alteration due to the action of the acid. Control ex- 
periments with cymarose itself based on the power to reduce 
Fehling’s solution showed that this sugar is quite rapidly 
destroyed by similar treatment with acid. From the solution re- 
maining after 6 hours hydrolysis of the biose it was possible to 
obtain a relatively small amount of what appeared to be gluco- 
sazone, since it melted at 210°. The complete solution of the 
problem by this method, however, appeared to offer little 
prospect because of the resistance of the biose to the hydrolytic 
action of acids and of the instability of whatever amount of 
desoxy sugar may have been liberated. Fortunately, however, 
another means was found which permitted not only identifica- 
tion of the component sugars but also a determination of their 
arrangement with strophanthidin in the molecule. 

v* The key to this work has been an enzyme which was obtained 
by extraction of comparatively fresh seeds of Strophanthus cour- 
monti. This material we owe to the very generous cooperation of 
Dr. J. B. Clements.2, When this enzyme was allowed to act upon a 
dilute solution of K-strophanthin-@ the resulting mixture acquired 


2 Dr. Clements has written us that this seed is a variety which he ‘“‘be- 
lieves to be S. courmonti.’’ Under the circumstances we cannot go further 
in the recognition of the identity of this material than such a statement 
allows. The seeds gave with sulfuric acid (8:1) a pale rose color. We 
have since obtained from seeds of Strophanthus eminii kindly sent to us by 
Dr. A. H. Kirby from Tanganyika, and also from Strophanthus kombe 
seeds, enzymes which behaved at least qualitatively like that from Stro- 
phanthus courmonti. 
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the power to reduce Fehling’s solution. Investigation showed 
that the enzyme did not affect the union between the biose and 
strophanthidin but attacked the union between the component 
sugars of the biose. By extraction of the resulting mixture with 
chloroform a substance was obtained which was readily shown to — 
be cymarin. From the reducing power of the aqueous portion, 
calculated for glucose, the enzyme was found to have hydrolyzed 
about 88 per cent of the original glucoside and in confirmation 
of this it was still possible to detect unchanged K-strophanthin-s. 
By the addition of fresh enzyme almost quantitative cleavage of 
the remaining bioside was accomplished. After removal of the 
cymarin the aqueous solution contained almost pure hexose which 
was readily identified as glucose. The observed rotation of the 
solution agreed with what would be expected trom that amount 
of d-glucose in solution estimated from its reducing power. An 
osazone was readily prepared which was identified as glucosazone 
and the sugar yielded on oxidation saccharic acid. 

Irom these results K-strophanthin- is a glucosido-cymaroside 
of strophanthidin. The arrangement may be represented as 
follows: 


Co3H3;,0s—O—CH 
CHe\ HCOH 
| 
O O 
HOCCH; / O HOCH 
| 
HC HC 
| | 
HC HCOH 
| | 
CH; CH,OH 


The assumption which, however, requires confirmation is made 
that cymarose is the methyl ether of digitoxose.2 The position 
of the methoxyl and therefore the point of glucosidic union of 
glucose on the cymarose molecule are also for the moment ar- 
bitrarily adopted as well as certain configurational arrangements. 


* Windaus, A., and Hermanns, L., Ber. chem. Ges., 1915, xlviii, 979. 
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A comparison of the action of the enzyme and that of mineral 
acid upon K-strophanthin-8 thus shows a remarkable contrast. 
The point which is so readily attacked by the enzyme is relatively 
quite resistant to the hydrolytic action of acids and conversely 
the point of union between cymarose and the aglucone is ap- 
parently unaffected by the enzyme. The specific character of this 
enzyme appears to be indicated by the fact that carefully con- 
trolled attempts to affect a similar cleavage with an active 
emulsin, invertase‘ or rhamnodiastase® were entirely negative. We 
propose for this enzyme the name strophanthobiase. 

It was next of interest to ascertain whether this enzyme might 
also give information with regard to the nature of all of the other 
strophanthidin glucosides contained in Strophanthus kombe seeds, 
which however had never been separated as pure individuals. A 
crude mixture of these glucosides was prepared from the seeds 
from which only the cymarin already present had been removed 
by chloroform. The enzyme was found likewise to produce a 
complete cleavage of this mixture into cymarin and _ glucose. 
‘Therefore all of the strophanthidin in K-strophanthin is combined 
with eymarose as ecymarin which in turn is in glucosidic union 
with glucose as K-strophanthin-@ which occurs as such, or com- 
bined still further with one or perhaps more additional glucose 
molecules in glucosidic union. The analysis given by Heffter 
and Sachs® for their amorphous K-strophanthin is C 57.51, H 7.24. 
For a strophanthidin trioside consisting of two mols of glucose 
and one of cymarose, CyH >;Oi9, the theory requires C 57.76, 
H 7.40, and for a tetroside consisting of three mols of glucose and 
one of cymarose, Cygl17,004, C 55.65, H 7.21. The former would 
yield on hydrolysis 47 per cent of strophanthidin and the latter 
39.5 per cent. Heffter and Sachs report about 50 per cent for 
their substance. Since the mixed strophanthins contain K- 
strophanthin-8 it would appear that the preponderating glucoside 
is the trioside. We have not attempted to determine whether 
the enzyme employed by us as in the case of emulsin is a mixture 
of enzymes. ‘This is perhaps suggested by the fact that under its 


4 We wish to thank Dr. Nelson for the very active invertase preparation 
which was used for this test. 

5 Bridel, M., and Charaux, C., Compt. rend. Acad., 1925, elxxxi, 925. 

° Heffter, A., and Sachs, F., Biochem. Z., 1912, xl, 83. 
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influence cleavage of the trioside occurred not only between 
glucose and cymarose but also between the two glucose molecules. 

An investigation of the seeds of Strophanthus courmonti for their 
strophanthin content has shown them to possess but traces of this 
glucoside which could be extracted completely from the purified 
aqueous solution with chloroform but in an amount which was 
too small to permit identification. A further study of the en- 
zyme is contemplated as well as a study of its action upon 
hispidus strophanthin. In all probability the latter which has 
already been shown by Heffter and Sachs® to be a derivative 
of a methyl ether sugar will likewise prove to be a cymarin 
derivative. 

Finally in our previous communication! we have stated that the 
results of leist on so called strophanthobiose methyl ether, a 
supposed mannose-rhamnose methyl ether, have no bearing on 
the question of crystalline K-strophanthin and therefore not on 
Kx-strophanthin-8 and this statement now includes all of the stro- 
phanthins occurring in Strophanthus kombe seeds. It is perhaps 
necessary to emphasize this point since the conclusions of this 
worker have found general acceptance in numerous works of 
reference although they have remained not entirely unchallenged. 
Kombe strophanthin does not contain rhamnose or mannose but 
is built up from cymarin which may be combined with glucose or 
this in turn with one or more glucose molecules. 

We are at present employing enzymes in a parallel study of 
the digitalis glucosides and of other gluocosides belonging to this 


group. 
EXPERIMENTAL, 
Enzymatic Cleavage of K-Strophanthin. 


Preparation of Strophanthobiase.—500 gm. of Strophanthus cour- 
monti seeds which were collected about 3 months previously 
(December, 1925) in Nyasaland Protectorate? were ground in 
a machine and extracted in the cold with petrolic ether. In 
order to obtain fairly complete extraction of the oil which was 
present in large amount repeated extraction was necessary. 
The dried coarse powder was then covered with 2 liters of dis- 
tilled water which had been saturated with thymol, and left 8 
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hours at room temperature and then 16 hours at 0°. The mix- 
ture was filtered through cloth and the remaining pap squeezed 
dry in the press. The cloudy extract was treated with 5 volumes 
of 95 per cent alcohol, and the copious flocculent precipitate was 
collected in the centrifuge. The crude precipitate was redis- 
solved in 400 ce. of water, centrifuged clear, and the supernatant 
solution was again precipitated with 5 volumes of 95 per cent 
alcohol. The precipitate was centrifuged and then suspended 
and centrifuged successively in 80 per cent, 95 per cent, and finally 
twice in absolute alcohol. After collection with dry acetone it was 
thoroughly dried in a vacuum desiccator over CaCl,. The pink, 
fluffy powder containing the enzyme weighed 15 gm. A solution 
of this material when allowed to stand at 37° did not develop the 
power to reduce Fehling’s solution. 

Purification of K-Strophanthin-B.—The following method was 
adopted for the recrystallization of K-strophanthin-@ as directly 
obtained after removal of cymarin from so called crystalline K- 
strophanthin.! 10 gm. were dissolved in 100 cc. of 95 per cent 
alcohol, the solution was treated with 500 cc. of water, and then 
concentrated at 15mm. _ As soon as the alcohol was removed the 
substance began to separate as long thin needles. The distillation 
was continued to a thin pap, and about 50 per cent of substance 
was recovered. By further concentration of the mother liquor 
an additional 30 per cent of pure substance was obtained. The 
remainder in solution was then recovered by saturation with 
(NH4)2SO,. The recrystallized substance melted at 187° although 
this depended largely upon the rate of heating. 


[a]5° = +32.6° (ec = 1.000 in H,O for the anhydrous substance). 


Cleavage of K-Strophanthin-8 with Strophanthobiase.—10 gm. of 
the glucoside were shaken with 700 cc. of water at room tem- 
perature until dissolved. 5 gm. of enzyme powder, followed 
by 5 cc. of toluene, were added, and the mixture was kept at 
37°. Samples were taken at intervals and the free sugar was 
determined by the method of Bertrand. After 42 hours the 
free sugar content of the mixture was 1.96 gm. (calculated as 
glucose), after 50 hours 2.01 gm., and after 66 hours 2.16 
gm. In other words the extent of cleavage of the strophanthin 
into glucose and cymarin was 79 per cent after 42 hours, 82 per 
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cent after 50 hours, and 88 per cent after 66 hours. The mixture 
was then treated with 5 volumes of alcohol and gently warmed to 
coagulate the enzyme and foreign material. After centrifugalizing 
the solution was cleared by filtration through Norit and concen- 
trated at low pressure to about 150 ce. during which cymarin 
began to crystallize. The cymarin was shaken out with chloro- 
form. ‘The remaining aqueous solution was brought to 150 cc. 
and was treated with 1 gm. of fresh enzyme powder. After stand- 
ing 20 hours at 37° the reducing power was again determined and 
now reached 2.41 gm. calculated for glucose. The theoretical 
amount of hexose which 10 gm. of K-strophanthin-6 should yield 
is 2.47 gm. The extent of hydrolysis was therefore about 98 per 
cent. ‘The reaction mixture was again cleared of enzyme and im- 
purities as in the first instance and the purified concentrated 
aqueous solution extracted with chloroform to remove the newly 
formed cymarin. 

Cymarin.—The combined chloroform solutions were dried with 
CaCl. and concentrated to about 30 ce. and the concentrate was 
then precipitated with petrolic ether. 7.4 gm. of crude cymarin 
were obtained, which again represents a yield of 98 per cent since 
10 gm. of K-strophanthin-6 should yield 7.53 gm. of cymarin. 
The crude material was recrystallized from methyl aleohol. The 
crystalline substance sintered at 138° and melted with effer- 
vescence at 148°, and agreed in all properties with cymarin, ‘The 
Keller-Kiliani test contrary to the result when the parent stro- 
phanthin was used was now beautifully typical. 


= +37.7° = 1.826 in chloroform for the anhydrous substance>. 
Air-Dry Substance. Dried at 78° and 15 mm. over H.SOx,. 
CH3OH. Calculated. CH;0H, 5.52. 
Found. 5.90. 
Anhydrous Substance. 
CsoHysOo. Caleulated. C 65.66, H 8.09. 
Found. ** 65.67, ** 8.07. 


d-Glucose.—The aqueous fraction was concentrated and made 
up to 100 ce. The solution, now diminished in sugar content by 
the samples taken, contained 2.21 gm. calculated as glucose and 
about 0.2 gm. of unchanged K-strophanthin-8. The solution in a 
1 dm. tube showed a,’ = +1.20°. Since +0.06° of this value 
was due to its strophanthin content, this figure must be subtracted 
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from the observed rotation to obtain that due to the sugar content 
alone, or a, = +1.14°. From this [a], = +51.6°. For a- 
glucose [a], = +52.5° 

10 ce. of the solution (0.22 gm. of sugar) were treated with 0.6 
gm. of phenylhydrazine hydrochloride and 0.8 gm. of sodium 
acetate and left for several hours at ordinary temperature. An 
amorphous precipitate gradually separated which was collected. 
This material which weighed about 0.026 gm. could not be ob- 
tained crystalline and was probably a derivative of the small 
amount of strophanthin still present in solution. ‘The aqueous 
filtrate from this precipitate on heating in the usual manner yielded 
copious characteristic yellow needles which were collected with 
very dilute acetic acid and finally washed with dry acetone. The 
yield was 0.15 gm. After recrystallization from 70 per cent al- 
cohol it melted at 209°. 

0.08 gm. was dissolved in 4 ce. of pyridine-alcohol (4:6). The 
initial rotation ina 0.5 dm. tube was a, = —0.65°. The final 
rotation after 24 hours was a, = —0.34°. This mutarotation 
is in agreement with that given by Levene and La Forge’ as 
characteristic for glucosazone. 


Calculated. N 15.64, 
Found, 15.68. 


25 ec. of the sugar solution were evaporated to dryness and 
oxidized with 6 ec. of HNO ;(1.15). When worked up in the usual 
way for acid potassium saccharate 0.07 gm. of characteristic 
crystals of the salt was obtained after several recrystallizations 
from hot water with addition of a little methyl alcohol. 


Calculated. Kk 15.75. 
Found. 15.80. 


Vinally a sample of the sugar solution gave quickly with ordinary 
yeast a copious evolution of CO» at 37°. 

Enzyme Cleavage of Amorphous K-Strophanthin.—500 gm. of 
defatted Strophanthus kombe seeds were extracted with 70 per cent 
alcohol and the residue obtained after the removal of solvent at 
low pressure was dissolved in water and precipitated with basic 


7 Levene, P. A., and La Forge, F. B., J. Biol. Chem., 1915, xx, 429. 


if 

; 
4 & 

4 

i | 


W. A. Jacobs and A. Hoffmann 161 


lead acetate. The filtrate after removal of excess lead was ex- 
tracted with chloroform to remove cymarin. From this extract 
3.3 gm. of crude cymarin were obtained by precipitation of the 
concentrate with petrolic ether. ‘The aqueous portion was satu- 
rated with (NH,).SO, and the supernatant liquor decanted from 
the crude gummy precipitate. This was redissolved and re- 
precipitated with (NH,).SO, and the new precipitate dissolved 
in alcohol. The filtrate from salts was concentrated to remove 
alcohol and the residue was dissolved in water and the acidity 
neutralized to pH 5.5. The volume was 150 cc. The solution con- 
tained no reducing sugars. The amount of strophanthidin con- 
tained as glucoside was determined in aliquot portions of the 
solution by direct hydrolysis with HCl and weighing, and by 
saponification with 0.1 N NaOH after preliminary neutralization 
to phenolphthalein. 10 and 10.7 gm. respectively were indi- 
cated. The last value was adopted as the true amount since 
too low results are obtained by the direct gravimetric method 
because of the solubility of strophanthidin in water. 

50 ce. of the solution were diluted to 500 cc. and treated with 4 
gm. of enzyme and a few ce. of toluene. After 70 hours at 37° 
no increase in reducing power was observed. The solution was 
worked up as in the case of K-strophanthin-8. 4.75 gm. of crude 
cymarin were obtained by chloroform extraction. 4.83 gm. were 
required based on the observed strophanthidin content. The 
recrystallized cymarin possessed the required properties. The 
aqueous fraction brought to a volume of 100 cc. showed a reducing 
power corresponding to 2.73 gm. of glucose. In a 0.5 dm. tube 
a, = +0.73°, therefore [a], = +53.5°. For glucose [a], = +52.5°. 

Since the solution possessed still a pronounced bitter taste it 
was treated again with fresh enzyme but from the resulting solution 
no additional cymarin was obtained and on hydrolysis with acid 
no strophanthidin was recovered. Since the bitter taste of these 
substances is so powerful only traces were responsible for the 
observed effect. 

A portion of the sugar solution containing 0.22 gm. of sugar was 
treated with phenylhydrazine acetate and on standing at room 
temperature no hydrazone separated. On heating in the usual 
way 0.15 gm. of glucosazone was readily obtained, which after 
recrystallization melted at 210°. 
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Acid Hydrolysis of K-Strophanthin-8. 


Hydrolysis at 20°.—10 gm. of K-strophanthin-@ were dissolved 
in 100 ce. of 50 per cent alcohol and treated with 20 ec. of HCl 
(1.19) and left at room temperature. The hydrolysis as followed 
by the change in rotation was practically complete after 1 hour and 
in a similar small scale experiment the rotation did not change 
after 3 days. The above solution after 3 hours was worked up as 
previously given. 5.4 gm. of strophanthidin were obtained 
(calculated 5.67 gm.). The aqueous sugar solution after removal 
of Clions yielded a syrup on concentration which showed no tend- 
ency to crystallize but dried down to a glass. After powdering 
and drying the crude biose was analyzed as such and gave figures 
in good agreement with a glucose-cymarose biose. 


Anhydrous Substance. 
CisH2sO9. Calculated. C 48.12, H 7.46. 
Found. ** 48.37, “ 7.66. 


Contrary to the parent strophanthin this sugar gives very slowly 
with the Keller-Kiliani reagent a faint blue color diffusing up into 
the acetic acid layer. When a solution of the biose in acetic acid 
containing Fe is treated with a few drops of H.SO, it gives the deep 
violet color given by the original strophanthin. ‘The biose reduces 
Fehling’s solution but only to about 30 per cent of the extent shown 
by glucose. 

Acid Hydrolysis at 80°.—5 gm. of K-strophanthin-8 were treated 
with 100 ec. of 0.5 N HCl and the mixture was heated under a 
reflux in a bath kept at 80°. The glucoside did not dissolve com- 
pletely at first and after short heating strophanthidin crystallized 
and the solution soon became colored a deep yellow which deepened 
on further heating until after several hours it decolorized with the 
separation of brown flocks. ‘The reducing power of the solution 
was determined from time to time with the object of obtaining a 
clue to the amount of sugar present, but this value which after 30 
minutes corresponded to 1.06 gm. of glucose did not vary appre- 
ciably during the next 6 hours and then indicated the presence of 
1.25 gm. of glucose. Theoretically 1.236 gm. of glucose and 1.126 
gm. of cymarose should have been produced. However, control 
experiments with cymarose itself and in the presence of glucose 
showed that cymarose was practically completely destroyed. 
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Although this suggested that only glucose should remain in the 
above hydrolysis mixture the latter still gave the deep purple test 
characteristic of the biose. 

The mixture was filtered from solid material and the filtrate 
was neutralized and extracted with chloroform. The latter 
yielded no trace of cymarin or cymarose but only a small quantity 
of strophanthidin. The aqueous portion was made up to 100 
ec. and from 25 ce. of this which theoretically should have con- 
tained 0.31 gm. of glucose an osazone was prepared. Most of 
this formed a smear from which only 0.025 gm. of a crystalline 
osazone could be recovered, melting at 210°, and was glucosazone. 
If the solution had contained pure glucose at least ten times as 
much should have been recovered. 
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THE CONFIGURATIONAL RELATIONSHIPS OF 2-HYDROXY, 
3-HYDROXY, AND 4-HYDROXY ACIDS. 


By P. A. LEVENE anp H. L. HALLER.* 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, April 28, 1926.) 


The configurational relationship of lactic acid and of 8-hydroxy- 
butyric acid was established on the basis of experimental data 
presented in previous publications.'? In the present paper 
results are recorded which aim to correlate the configurations of 
3-hydroxybutyric and 4-hydroxyvaleric acids. The work was 
undertaken not only for the sake of solving the above problem 
but also for the reason that the intermediate products obtained 
in the course of the work may serve for the synthesis of optically 
active secondary alcohols. This achievement in its turn would 
make it possible to correlate the configurations of secondary alco- 
hols with those of hydroxy acids. 

Theoretically, the following plan should permit the connection of 
the configurations of 3-hydroxybutyric and 4-hydroxyvaleric acids. 

On the one hand, 6-hydroxybutyric acid may be reduced to 1, 3- 
dihydroxybutane; on the other hand, 4-hydroxy-n-valeric acid 
can be converted into l-amino-3-hydroxybutane and this, in its 
turn, into 1, 3-dihydroxybutane. ‘Thus, a set of reactions leading 
to the solution of the problem is shown at top of the following 
page. 

The reaction from (V) to (IV) was accomplished by the reduc- 
tion of the ester with metallic sodium in glacial acetic acid accord- 
ing to the directions of Levene and Taylor.* The yield of the 


*Submitted by H. L. Haller in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy in the Faculty of Pure Science 
of Columbia University. 

! Levene, P. A., and Haller, H. L., J. Biol. Chem., 1925, Ixv, 49. 

2 Levene, P. A., and Haller, H. L., J. Biol. Chem., 1926, Ixvii, 329. 

3 Levene, P. A., and Taylor, F. A., J. Biol. Chem., 1918, xxxv, 281. 
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CH; CH; CH; CH; CH, CH; 


| 
COOH CONH: (cr 
Dextro. Dextro. Dextro. Dextro. Dextro. Dextro. 
II. III. IV. V. VI. 


glycol was rather small and the substance obtained was not quite 
pure. The dextro-3-hydroxybutyric acid yielded a dextrorotatory 
glycol, the crude product having a specific rotation of [a];’ = 
+ 7.5°. From this material an analytically pure 6-butylene di- 
(phenylurethane) was obtained with a specific rotation [a]? = 
+ 20°. Thus, dextro-3-hydroxybutyric acid and dextro-1,3- 
dihydroxybutane may be considered configurationally related. 

In order to carry out the reactions from (I) to (IV), it was 
necessary first to resolve dl-4-hydroxyvaleric acid. This was 
accomplished by means of the cinchonidine salt. The free acid 
used for the experiment had a specific rotation of [a]-? = + 10.0°. 
The physical properties of the intermediate substances leading to 
the amine are given in the experimental part. The amine was 
prepared either by the Curtius-Hofmann, or by the Hofmann 
methods. The first method is advantageous from the view-point 
of yield and time but leads to a base with a specific rotation [a]? 
= + 1°. On the other hand, the Hofmann method yielded only 
16 per cent of the base but the latter had a specific rotation of [a];” 
= + 13.3°. 

1 gm. of the base hydrochloride with a specific rotation of [a]; 
= + 10.0° was deaminized by means of nitrous acid and the 
resulting deaminized product had an approximate dextrorotation 
of [a|? = + 2.5°. Thus, on the basis of these findings, it may be 
concluded that dextro-4-hydroxyvaleric acid is configurationally 
related to dextro-3-hydroxybutyric acid. 

Inasmuch as dextro-3-hydroxybutyric acid is configurationally 
related to dextro-lactic acid, it follows also that dextro-4-hydroxy- 
valeric acid is configurationally related to dextro-lactic acid. 
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Thus, dextro-lactic, dextro-3-hydroxybutyric, and dextro-4- 
hydroxyvaleric acids all belong to the /-series. 

These three acids have a higher dextrorotation for the free acids 
than for their metal salts. 

We are aware that in order to render indisputable the relations 
expressed in this paper, it will be necessary to carry out the reac- 
tion from (III) to (IV) on a larger scale, so that the resulting gly- 
col can be analyzed and converted into some crystalline deriva- 
tive. Unfortunately, the preparation of the optically active 1- 
amino-3-hydroxybutane is time-consuming, but the preparation 
of larger quantities of the material is in progress and the results 
will be reported in a subsequent paper. 


EXPERIMENTAL. 
I. Reduction of Dextro-n-3-Hydroxybutyric Acid. 


Dextro-n-3-Hydroxybutyric Acid.—This acid was prepared by 
decomposing the mother liquors obtained in the resolution of 
inactive 3-hydroxybutyric acid with quinine. The procedure for 
the extraction of the free acid was the same as that previously 
described.' An aqueous solution, the concentration of which was 
determined by titration, had the following rotation. 


= + 0.63° 100 


= + 10.3°. 


Methyl Dextro-n-3-Hydroxybutyrate.—25 gm. of dextro-n-3- 
hydroxybutyric acid were added slowly to 125 ce. of a cold 3 per 
cent solution of dry hydrogen chloride in methyl alcohol. After 
standing in the refrigerator at 5°C. for 48 hours, the excess methyl 
alcohol was distilled off under diminished pressure. The ester 
was dissolved in ether and dried over anhydrous sodium sulfate. 
After removal of the ether, the ester was distilled under diminished 
pressure. It boiled at 71-73°C., p = 17mm. _ It had the follow- 
ing rotation without solvent. 


= 4+ 9.15° X 1 
“py “TX 1.058 


= + 8.6°. 


Dextro-1, 3-Dihydroxrybutane.—Methy] dextro-n-3-hydroxybuty- 
rate was reduced in 10 gm. lots with sodium and glacial acetic 
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acid in the apparatus described by Levene and Allen,‘ following 
the directions of Levene and Taylor. A solution of 10 gm. of the 
ester in 30 cc. of glacial acetic acid and 10 cc. of toluene was 
dropped into 11 gm. of sodium emulsified in 60 cc. of toluene. The 


addition of the ester required 15 minutes. During the course of. 


the reaction about 75 cc. of dry toluene were introduced through 
the condenser. 10 cc. of glacial acetic acid were then added slowly 
and when refluxing had ceased, absolute alcohol was added to 
dissolve the excess of sodium. ‘The reaction mixture was cooled, 
concentrated under diminished pressure, and the residue was 
extracted with absolute alcohol. ‘To the alcohol extract. dry 
ether was added, the precipitate filtered off, and the filtrate con- 
centrated under diminished pressure. ‘The residue was extracted 
with absolute alcohol and neutralized with sodium methylate. 
Dry ether was added and after filtering and removal of the solvent, 
the glycol was distilled under diminished pressure. On redistil- 
lation a product boiling at 60—65°C., p = 0.8 mm., was obtained. 
The yield was poor. In absolute alcohol it had the following 
rotation. 
_,+0.75° X 100 


It analyzed as follows: 


0.0783 gm. substance: 0.1664 gm. CO, and 0.0793 gm. H,.0. 
Calculated. C 53.33, H 11.11. 
Found. ** 57.95, ** 11.33. 


Dextro-8-Butylene Diphenyl Dicarbamate. (6-Butylene Di- (Phen- 
yluretha ne) CH;CH(OOCNHC.H;) CH.CH (OOCNHC,H;)) -—One 
part of dextro-1,3-dihydroxybutane, which had been carefully 
dried, and three parts of phenylisocyanate were heated in a flask 
provided with a calcium chloride tube, in a metal bath at 100°C. 
for 2 hours. After standing overnight the reaction mixture had 
solidified. It was washed several times with petroleum ether 
(60-80°) and then recrystallized from 70 per cent alcohol. It 
melted at 115-116°C. In absolute alcohol it had the following 


rotation. 
+ 0.38° 100 
“lp 1x19 


= + 20°. 


‘Levene, P. A., and Allen, C. H., J. Biol. Chem., 1916, xxvii, 433. 
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It analyzed as follows: 


0.0508 gm. substance: 0.1221 gm. CO, and 0.0286 gm. H.O. 


0.0500 * - : (Kjeldahl) 3.05 ec. 0.1 N acid. 
Calculated. C 65.805, H 6. 15, N 8. 53. 
Found. ** 66. 54, ** 6.30, 8.52. 


II. Conversion of y-Valerolactone into 1-A mino-3-H ydroxybutane. 


y-Valerolactone.—-This substance was obtained from levulinic 
acid by the procedure described by Losanitsch.° Levulinie acid 
obtained by the action of dilute hydrochloric acid on cane sugar 
was reduced with sodium and alcohol. ‘The sodium salt of 4- 
hydroxyvaleric acid was treated with sulfuric acid and the y- 
valerolactone was extracted with ether. After drying the ether 
extract, the lactone was twice redistilled. It boiled at 82-86°C., 
p = 10 mm., and analyzed as follows: 


0.0836 gm. substance: 0.1840 gm. CO, and 0.0616 gm. HO. 
Oo. Caleulated. C 60. 00, H 8.00. 
Found. 60.02, 8.24. 


Dextro-n-4-H ydroxyvaleric Acid.—This acid was resolved by 
means of its cinchonidine salt. The acid readily formed salts 
with brucine, quinine, and strychnine, but not with morphine. 
The cinchonidine salt was found to be the most satisfactory for 
resolution, although many recrystallizations were required. 

y-Valerolactone was dissolved in ten parts of water and treated 
with 10 per cent excess of barium hydroxide to form the barium 
salt of 4-hydroxyvaleric acid. ‘The mixture was heated on the 
steam bath for 2 hours. It was then cooled to O°C. and the 
barium hydroxide which had previously been added was exactly 
neutralized with 10 per cent sulfuric acid. The barium sulfate 
was removed and to the solution was added a slight excess of 
cinchonidine. The mixture was heated on the steam bath for 
1 hour, filtered, and the filtrate concentrated under diminished 
pressure todryness. ‘lhe salt was dissolved in acetone and crystal- 
lized by cooling to 0O°C. It was then fractionated by recrystalliza- 
tion from a solution of two parts of methyl! alcohol and eight parts 
of acetone. 


® Losanitsch, M.8., Monatsh. Chem., 1914, xxxv, 303. 
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The salt was decomposed with an excess of 10 per cent sulfuric 
acid. The solution was heated on the steam bath for 15 minutes 
and the y-valerolactone was extracted with ether in a continuous 
extraction apparatus. The ether extract was dried over anhy- 
drous sodium sulfate, and, after removal of the ether, the lactone 
was distilled under diminished pressure. It boiled at 78-80°C., 
p = 8mm. It had the following rotation without solvent. 


= — 20.1%. 


The rotation of the sodium salt of 4-hydroxyvaleric acid was 
determined as follows: 0.98 gm. of y-valerolactone ({a]?? = 
— 27.75°) was made up to a volume of 5 cc. with 10 per cent so- 
dium hydroxide. 


»  . 


The above solution was used for determining the rotation of the 
free acid. To 1.6 cc. was added 10 per cent sulfuric acid in slight 
excess of the amount required to neutralize the alkali. The 
volume was made up to 5 cc. with water. 


 +2.05° X 100 


Dextro-n-4-H ydroxyvaleryl Hydrazide.—5 gm. of levo-y-valero- 
lactone ({a];? = — 20.10°) and 3.5 gm. hydrazine hydrate were 
heated in a flask under a reflux condenser provided with a calcium 
chloride tube, on the steam bath overnight. When the reaction 
mixture was cooled, it readily crystallized. It was recrystallized 
from absolute alcohol. It melted at 71.5-72.5°C. and analyzed 
as follows: 


0.1011 gm. substance: 19.00 cc. N», at 24°C., p = 746.7 mm. 
Caleulated. N 21.21. 
Found. “* 21.18. 


In absolute alcohol it had the following rotation. 


+ 0.43° 100 
1X 3.7 


= + 11.6°. 


Sym-Di- (Levo-n-3-Hydroxybutyl) Urea.—5 gm. of dextro-n-4- 
hydroxyvaleryl hydrazide were dissolved in 4 cc. of concentrated 
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hydrochloric acid. The solution was thoroughly cooled, placed 
in a separatory funnel, and covered with a layer of ether. 2.7 
gm. of sodium nitrite in 10 cc. of water were carefully added. The 
reaction mixture was kept cold by the addition of ice and after 
each addition of nitrite solution, the reaction mixture was vigor- 
ously shaken. The extraction with ether was repeated several 
times. After washing the ether extract with cold water, it was 
added to 50 ec. of 50 per cent alcohol. The reaction mixture was 
placed on a steam bath in a flask provided with a reflux condenser 
and allowed to stand overnight. The urea derivative, which 
crystallized readily after removal of the solvent under diminished 
pressure, was washed with dry ether containing a small amount of 
absolute alcohol. It melted at 95—-96°C. and analyzed as follows: 


0.1004 gm. substance: 10.90 ce. No at 24°C., p = 742.5mm., 
Calculated. N 13.7. 
Found. 


In absolute alcohol it had the following rotation. 


1,50° X 100 
[a]; = 


Dextro-3-H ydroxybutyl Amine.—3 gm. of the crystalline urea 
derivative and 3.5 ec. of concentrated hydrochloric acid were 
heated in a sealed tube at 135°C. for 6 hours. When the reaction 
mixture was concentrated to dryness under diminished pressure, 
it readily crystallized. For purification the amine was converted 
into the chloroplatinate, which was recrystallized from absolute 
alcohol. It melted at 208°C. and analyzed as follows: 


0.1010 gm. substance: 0.0332 gm. Pt. 
C Calculated. Pt 33. 16. 
Found. 32.87. 


6.5 gm. of dextro-3-hydroxybutylamine chloroplatinate were 
decomposed with hydrogen sulfide. The aqueous solution of the 
amine hydrochloride obtained was concentrated under diminished 
pressure to 8 ce. It had the following rotation. 


= + 0.35° 100 
1 X 34 


= + 1.0°. 


Dextro-n-4-H ydroxyvaleryl Amide.—5 gm. of levo-y-valerolac- 
tone ([a}? = — 23.20°) and 15 ce. of liquid ammonia were allowed 


| 
| 
} 
| 
| 


172 Hydroxy Acids 


to stand in a sealed tube at room temperature ior 4 days. After 
removal of the excess ammonia, the amide was placed over sulfuric 
acid in a vacuum desiccator overnight. It was then washed with 
dry ether containing a small amount cf absolute alcohol. It 
melted at 56°C. and analyzed as follows: 


0.1000 gm. substance: (Kjeldahl) 8.55 ce. 0.1 N acid. 
Calculated. N 11.96. 
Found. 


In absolute alcohol it had the following rotation. 


+0.19° X 100 


la 


Dextro-3-Hydroxybutyl Amine. 5.85 gm. of dextro-4-hydroxy- 
valeryl amide were dissolved in 343 cc. of a barium hydroxide solu- 
tion (1 ec. = 0.046 gm. Ba(OH).-SH-2O) and 8 gm. of bromine were 
slowly added. After standing for 10 minutes 370 cc. more of the 
above barium hydroxide solution were added and the mixture 
heated to 90°C. at which temperature it was kept for 1 hour. 
The reaction mixture was cooled and the barium removed quanti- 
tatively by means of sulfuric acid. When the solution was freed 
from sulfate and barium ions, silver carbonate was added to remove 
bromine ion. ‘The silver bromide was filtered off, hydrochloric 
acid was added to precipitate the excess silver, the solution filtered, 
and the filtrate concentrated under diminished pressure to a thick 
syrup. This was converted into the chloroplatinate. The 
chloroplatinate was dissolved in hot methyl alcohol, filtered, and 
allowed to crystallize. It melted at 208°C. and had the following 
composition. 


0.1032 gm. substance: 0.0346 gm. Pt. 


0.1044 * 3 : 0.0642 gm. COz and 0.0390 gm. H,0. 
CsHa2O02NePtCl,-2HCl. Calculated. C 16.33, H 4.08, Pt 33.1. 
Found. 4.77, * 4.18, “ 33.5. 


3.0 gm. of the chloroplatinate were decomposed with hydrogen 
sulfide. After removal of the platinum sulfide, the filtrate was 
concentrated under diminished pressure to 20 cc. It had the 
following rotation. 


+ 0.85° & 100 
1 X 64 


= + 13.3°. 


= 
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Deamination of the Base.—A solution of 1 gm. of dextro-l-amino- 
3-hydroxybutylamine hydrochloride ([a]?? = + 10°) in 30 ce. of 
water was thoroughly cooled and 0.7 gm. of potassium nitrite in 
3 cc. water was carefully added. ‘The solution was placed in the 
ice box overnight. 1 gm. of potassium nitrite and 1 cc. of concen- 
trated hydrochloric acid were then added and the solution warmed 
on the water bath, cooled, and concentrated under diminished 
pressure to 25 ec. ‘This solution had a rotation of a = + 0.60° in 
a4dm.tube. It contained 25 mg. of nitrogen. The rotation due 
to the amine hydrochloride was a = + 0.36°, and the rotation due 
to the glycol was a = + 0.24°. 


Since this article was submitted for publication, we have been 
successful in preparing a larger quantity of dextro-l-amino-3- 
hydroxybutane, which was converted into the corresponding 
glycol. ‘Thus, the present conclusion is confirmed in a more 
rigorous way. ‘The details will be given in a subsequent publi- 
cation. 


| 
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PENTAMETHYL GLUCOSE AND ITS DIMETHYL ACETAL. 
By P. A. LEVENE anp G. M. MEYER. 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, April 28, 1926.) 


Only one monose, 2, 5-anhydroglucose, has been thus far pre- 
pared in the aldehydic form. ‘This sugar is very inaccessible. 
It therefore seemed desirable to develop a simple method for the 
preparation of monoses in their aldehydic form, so that their prop- 
erties could be studied in greater detail. 

The preparation of pentamethyl glucose is described in the 
present paper. The starting point for the preparation of this 
sugar was diethyl mercaptoglucose. The methylation was accom- 
plished by the method of Haworth with methyl sulfate. The 
details of the preparation are given in the experimental part. 
Some of the difficulties encountered in the course of the prepara- 
tion will be pointed out here. 

The first difficulty is found in the removal of all traces of sulfur- 
containing substances after the hydrolysis of the mercapto deriv- 
ative. This difficulty was overcome in the following way. The 
sulfur content of the crude sugar was determined (generally not 
above 0.5 per cent). The sulfur was assumed to be present in 
the form of —SH radicle. To the sugar a weighed amount of 
potassium permanganate slightly in excess of the calculated quan- 
tity required to convert the —SH group into the —SO.OH was 
added and the syrup was distilled at about 0.8 mm. pressure. 

A second difficulty was encountered in the preparation of a 
pure diacetal. As a rule, the latter was contaminated more or 
less with the parent sugar. In order to remove the latter, the 
ethereal solution of the diacetal was washed with small portions of 
aqueous alkali. The ethereal solution was then dried and distilled. 
In this manner the diacetal was obtained in an analytically pure 
state. 
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The study of the properties of this sugar was naturally limited 
to those of its carbon atom (1) inasmuch as all its alcoholic hydro- 
gen atoms are substituted by methyl groups. This carbon atom 
should possess greater reactivity than the corresponding atom of 
glucosidic sugars. Indeed statements are made in literature that 
the y-sugars, which in solution are supposed to be present in 
equilibrium with the aldehydic forms, reduce Iehling’s solution 
in the cold. 

The substance prepared by us reduced Fehling’s solution only 
on boiling. On the other hand, the pentamethyl glucose reduced 
alkaline silver solution at room temperature and was found very 
reactive with respect to neutral permanganate solution and also 
to alcohol. It condensed with dry methyl alcohol to the dimethyl 
acetal in the absence of a catalyst, and in the presence of a trace of 
hydrogen chloride the reaction was completed instantaneously. 
lt must be mentioned here that the crude dimethyl acetal of penta- 
methyl glucose obtained directly on interaction with methyl alco- 
hol could not be distilled without decomposition into pentamethyl 
glucose, whereas the product obtained in the presence of the 
catalyst distilled well. 

The optical rotation of the pentamethyl glucose is to the left, 
[a]? = —35.4°; that of the diacetal is to the right, fal? = + 
15.0°. 

Of special interest is the fact that the reducing power of 
pentamethyl glucose having the aldehydic structure is higher than 
that of tetramethyl glucose having a glucosidic structure. 


EXPERIMENTAL. 


Pentamethyl Diethyl Mercaptoglucose.—35 gm. of diethyl mer- 
captoglucose are methylated with 125 cc. of dimethyl sulfate and 
250 ec. of 30 per cent sodium hydroxide. The bath should be 
maintained at 75°C. and stirring should be very vigorous. The 
alkali at the start is added in considerable excess, about 60 ce. 
The methyl! sulfate is added in portions of about 5 cc.; only when 
the reaction from one portion subsides, is the next added. Methyl- 
ation proceeds very rapidly and the solid material is soon replaced 
by a light yellow oil. The reagents should be added at such a 
rate that the process is completed within 3 hour. The reaction 
product is then poured into ice and water and the mixture is ex- 
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tracted with ether. If methylation and heating are continued too 
long, a smaller yield of a highly colored product is obtained. The 
ethereal extract is washed with dilute ammonia and water, dried 
with anhydrous sodium sulfate, and the ether removed under 
diminished pressure. The yield of the yellow syrup is 30 gm. It 
can be distilled and boils at 148-165°, p = 0.6mm. Analysis 
shows that it is a mixture mainly of tetra- and pentamethyl mer- 
captoglucose. 


0.1116 gm. substance: 0.2020 gm. CO, and 0.0886 gm. H,O. 


0.1398 “ as required 18.1 ce. 0.1 N AgNO3.! 
gOS. (OCHs3)4. Calculated. C 49.2 ,H8.8 , 58 18.7, OCH, 36.41. 


This product is further methylated by the lreudenberg 
method. 15 gm. of the syrup are dissolved in about 100 cc. of dry 
ether and allowed to stand overnight with an excess of metallic 
sodium. The ether solution is filtered from the undissolved 
sodium and the ether removed under diminished pressure and 
finally under high vacuum. ‘The flask is cooled and 7 ec. of methyl 
iodide are added. At this stage it is important to watch the 
reaction very carefully, especially if larger quantities are used. 
When the methyl iodide has been added the flask is allowed to 
come up to room temperature. ‘The color of the syrup is dark but 
transparent. In about 20 minutes to 4 hour the color turns lighter 
and if the reaction is allowed to proceed too long, the color again 
rapidly deepens and sometimes sodium iodide separates. ‘The 
reaction should be terminated by the addition of dry ether as soon 
as the color deepens. The solution is filtered from the sodium 
iodide and concentrated under diminished pressure. The yield 
of the residue is 90 per cent of the mixed methylated sugar em- 
ployed. The syrup is now distilled and boils at 145-155°C., p 
= 0.6 mm. The product is refractioned and the main portion 
distils at 152°C., p = 0.6mm., and has n”? = 1.48838, D7? = 
1.0834. This fraction analyzed as follows: 


! The methoxyl determinations were carried out according to the second 
~method of Kirpal and Buhn, VWonatsh. Chem., 1915, xxxvi, 853. 
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0.1019 gm. substance: 0.1876 gm. CO, and 0.0810 gm. H,0. 


0.1198 “ required 16.85 cc. 0.1 N AgNQOs. 
Calculated. C 50. 2, H 9.0 S 18.0 OCH; 43.5. 
Found. * 50.28," 8.88, “17.51, “ @.6. 


It had the following optical rotation in methyl alcohol. 


20 + 1.55° & 100 


[a], 2x 4.04 = + 19.2°. 


The syrup is of a yellow color, with distinctive garlic-like odor. 
It does not reduce Fehling’s solution. It is soluble in alcohol 
and ether, and insoluble in water. 

Pentamethyl Glucose.—40 gm. of pentamethyl diethyl mercapto- 
glucose are dissolved in 200 ec. of ethyl alcohol and 100 cc. of 
water, in a flask immersed in boiling water, and a saturated solution 
of 100 gm. of mercuric chloride in methyl alcohol is added in one 
portion. The mixture is kept in boiling water for 15 or 20 minutes 
and then filtered from the mercury mercapto precipitate and the 
latter washed with alcohol. The filtrates are concentrated under 
diminished pressure until all the alcohol is removed. Dilution 
with water precipitates further traces of the mercury compound. 
The aqueous solution is again filtered and the mercury removed 
from the filtrates with hydrogen sulfide, the solution aerated, neu- 
tralized with BaCoOs, filtered, and concentrated under diminished 
pressure. The salts are extracted with alcohol and the solution is 
concentrated to a syrup which is extracted with ether. The 
ethereal solution is dried with anhydrous sodium sulfate and con- 
centrated. 19 gm. of a yellow oil are obtained. This is fraction- © 
ated. The largest portion, 13 gm., distills at 108-110°C., p = 0.4 
mm. It is slightly yellow-colored and contains traces of sulfur. 
To remove these traces it is redistilled with the addition of about 
0.3 gm. of dry powdered potassium permanganate. The product 
is now water-white, again distilling at 108-110°, p = 0.4 mm. 
This product analyzed as follows: 


0.1030 gm. substance: 0.1996 gm. CO, and 0.0796 gm. H,O. 


0.1266 required 25.2 cc. AgNOs. 
C11H220¢. Calculated. > &.8 H 8.8, OCH, 62.0. 


> = 1.44665. D*,” = 1.0944. Mp = 61.00. Calculated, 61.22. 
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The substance had the following rotation in acetylene 
tetrachloride. 
— 1.65° X 100 


29 ° 
[a] 1 x 4.696 = — 35.1 


In methyl alcohol the initial rotation was [a]}? = —33.5° (1 = 
2, c¢ = 4.2) which after 18 hours became [aJ? = +11.9°. The 
rate at which this change took place is as follows: 


60 | 90 
—2.4°\+6.7° 


10 
—27.2° 


30 
—10.2° 


180 
+9.5° 


18 hrs. 


Time, min.... 1 | 5 
+11.9° 


—33. 5°|—29.7° 


At higher temperatures the rate is faster. 
In methyl] alcohol containing 0.25 per cent hydrochloric acid the 
specific rotation became instantaneously: 


+ 1.62° X 100 


[a], 2 5.26 = + 15.5 


The substance is soluble in aleohol and ether. It reduces Fehl- 
ing’s solution only on boiling but ammoniacal silver nitrate is 
reduced at room temperature. <A solution of potassium perman- 
ganate is decolorized very readily in the cold. 

It was found that 100 mg. of the pentamethyl glucose reduced 
Fehling’s solution the equivalent of 5.30 ec. 0.1 N thiosulfate ac- 
cording to the Lehmann and Maquenne method. Under the same 
conditions, 100 mg. of tetramethyl glucose were equivalent to 
3.02 ec. 0.1 N thiosulfate as determined by Dr. H. Sobotka.2 On 
the basis of molecular equivalents the ratio is 1.85: 1. 

Pentamethyl Glucose Dimethyl Acetal.—The distillation under 
very low pressure of the reaction product of the pentamethyl 
glucose and methyl alcohol yields the unchanged pentamethyl 
glucose when the condensation is brought about in the absence of 
a catalyst. 

The dimethyl acetal was readily obtained as follows: 2.0 gm. of 
pentamethy! glucose dissolved in 20 ce. of methyl alcohol contain- 
ing 1 per cent hydrochloric acid were allowed to stand 18 hours. 
The rotation was then + 1.40°. The hydrochloric acid was neutral- 
ized with sodium methylate, and a considerable excess of dry ether 


2 The paper by Dr. Sobotka will appear shortly. 
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(100 ec.) was added. ‘The solution was filtered and the solvents 
removed under diminished pressure. The residue was taken up 
in ether and washed with small quantities of 10 per cent sodium 
hydroxide until the ethereal solution was colorless. ‘The ether 
was washed with water, dried with anhydrous sodium sulfate, and, 
after removal of the solvent under diminished pressure, the color- 
less syrup was distilled. It boiled at 95°C., p = 0.8 mm., and had 
n, = 1.43730. It analyzed as follows: 


0.0949 gm. substance: 0.1830 CO, and 0.0788 gm. H.20. 


0.1060 * required 24.7 ec. 0.1 N AgNQOs. 
C,3H2s07. Calculated. C 52.7 Hi 9.5 OCH; 73.20. 


Its specific rotation in methyl alcohol was 


+0.67° X 100 


la], = 1x 444 = + 1509°. 


The substance does not reduce Iehling’s solution until after 
hydrolysis. It is soluble in alcohol, ether, and water. 
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THE CHOLESTEROL AND PHOSPHOLIPID CONTENT OF 
THE CUTANEOUS EPITHELIUM OF MAN. 


By H. C. ECKSTEIN anp UDO J. WILE. 


(From the Departments of Physiological Chemistry and of Dermatology and 
Syphilology, School of Medicine, University of Michigan, Ann Arbor.) 


(Received for publication, May 17, 1926.) 


In recent years much importance has been attached to the anti- 
rachitic power of the non-saponifiable fraction of certain lipids, 
particularly the fish oils. The suggestion has been made that 
cholesterol is, perhaps, the constituent in the non-saponifiable 
rest that is responsible for its curative powers. Investigations 
made by Hess, Weinstock, and Helman (1) as well as by Steenbock 
and Black (2) have shown that the rays of ultra-violet light can 
transform a sample of inert cholesterol into a form having anti- 
rachitic properties. Hess and his coworkers (3) have even demon- 
strated that animals having rickets soon recover when fed with 
skin that had previously been irradiated with the quartz mercury 
lamp. This leads to the question as to the nature of the lipids in 
the cutaneous epithelium. The literature on this subject is indeed 
meager, the only report bearing on this problem being one made 
by Unna and Golodetz (4) who found the lipids in the outer layer 
of the skin to contain 16.1 per cent of the sterol. Apparently 
only one sample was analyzed and that determination was made 
with a colorimetric method. 

A preliminary report of some of our own findings has already 
been made. In that communication (5) it was stated that the 
cholesterol content of the lipids in the outer layers of the human 
skin varied from 13 to 24 per cent, and that the range was from 
18.6 to 19.5 for the majority of the samples analyzed. The 
present communication, besides being a more detailed report of 
the work presented in the preliminary paper, contains additional 
information regarding the lipids in the cutaneous epithelium. 

Some of the specimens analyzed were secured from the foot sole 
of cadavers whose skin appeared to be normal, but most of the 
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samples were the exfoliated epithelium from patients having vari- 
ous disorders of the skin. The diagnoses of the cases studied are 
given in the accompanying tables. 

The first eight samples were analyzed for total cholesterol only. 
These tissues were boiled with a 10 per cent solution of sodium 
hydroxide for 6 hours. The fatty acids were then liberated with 
sulfuric acid, and the total lipids extracted with petroleum ether 
and the solvent removed from the extract by distillation. The 
weights of substances extracted with petroleum ether from the 
various samples analyzed are given in Table I under the heading 


TABLE I. 
Percentage of Cholesterol in the Cutaneous Epithelium of Man. 


Total cholesterol. 
ki lipide in 
Source of skin. As per 
total lipids. 
per cent per cent per cent 
Ichthyosiform erythroderma. A.G........ 9.9 1.30 13.0 
Dermatitis venenata. G.................. 3.4 0.67 19.6 
4.8 0.95 19.7 
2.4 0.58 24.1 


* Negro. 


“total lipids.”” The cholesterol content of these lipids as deter- 
mined by the digitonin method is likewise shown in the table. 
These data are, however, incomplete, for though they show that 
the lipids of the human cutaneous epithelium are peculiar in that 
they contain much cholesterol, they do not indicate in what form 
cholesterol is present, neither do they give any information con- 
cerning the other constituents of the lipids. For this reason it was 
thought desirable to study the question further by analyzing lipids 
removed from the epithelium in the unsaponified condition. Such 
a removal was accomplished in the following manner. The sample 
of skin was placed in an extraction thimble which was connected 
to a long glass rod by means of a cork stopper wrapped in tin-foil. 
This rod passed through the inner tube of a reflux condenser. A 
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large flask contained the solvent. By raising or lowering the rod 
the height of the thimble above the level of the solvent could be so 
adjusted that when boiling commenced only the hot vapors came 
in contact with the material in the thimble. The samples were 
extracted first for 48 hours with absolute alcohol, for 18 hours with 
chloroform, then with absolute ethyl ether for a similar period, 
and finally again with absolute alcohol for 12 hours. The residue 
remaining in the extraction thimble was then hydrolyzed with a 
10 per cent solution of sodium hydroxide for 6 hours, the resulting 
alkaline solution was acidified with sulfuric acid and extracted 
with petroleum ether. The saponification of the residue was done 
on the first two samples analyzed. It was discontinued because 
the weight of the material removed by the ether proved to be less 
than 4 per cent of the total lipids of the skin. It was evident, 
therefore, that the combined extracts contained practically all 
of the lipids of the epithelium. The solvents in these extracts 
were removed by distillation in vacuo and the residue thus obtained 
was washed out of the distilling flask with anhydrous ethyl ether. 
This mixture was filtered, distilled to dryness in vacuo, and the 
residue taken up with petroleum ether. The solution was let 
stand for 24 hours, filtered, and the total lipids determined therein 
inthe usual manner. The lipids were then dissolved in 95 per cent 
alcohol, made up to a definite volume, and the percentage of free 
and combined cholesterol determined in aliquots of this alcoholic 
solution. An index of the amount of phospholipids present was 
secured from the total phosphorus content of a third aliquot, 
the method employed being the colorimetric procedure devised by 
Whitehorn (6). The portion of the extract that remained was 
reserved and finally combined with the residual extracts of sub- 
sequent samples. These combined extracts were saponified and 
the non-saponifiable matter separated from the saponifiable. 
The iodine number as well as the amounts of highly unsaturated 
fatty acids present was determined on the saponifiable fraction. 
From the results grouped in Table I it is clear that cholesterol 
is a predominating constituent of the lipids in the human cutane- 
ous epithelium. The fact that a considerable amount of crystal- 
line cholesterol was easily isolated from the non-saponifiable 
fraction is in accordance with the quantitative data. Calculated 
in per cent of the total lipids, the variation is from 24.1 to 13.0, 
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and even when the calculation is made on the basis of the original 
skin the variation is from 0.58 to 1.3 per cent. The skin itself 
contains more of the sterol than do the lipids of the subcutaneous 
layers of man, for as one of us (7) has demonstrated, only 0.24 per 
cent of those lipids is cholesterol. Channon and Harrison’s very 
recent report (8) that the subcutaneous lipids contain but 0.25 
per cent cholesterol confirms the finding referred to above. It is 
quite evident from the data grouped in Table II that cholesterol 
is present to a large extent in the free form, since practically 90 
per cent of the total sterol is uncombined. ‘There is, nevertheless, 
some combined cholesterol present. In this respect the skin 
lipids differ from those isolated by Bloor from heart muscle for the 


TABLE II, 
Distribution of Cholesterol and Phospholipids in the Cutaneous 
Epithelium of Man. 


Total 

Total Free Phospholipids. 

Source of skin. li — As per terol As per 

skin In cent of li sid In cent of 
skin. total total 

lipids. lipids. 

per cent|per cent\per cent|per cent|per cent|per cent 

Exfoliative dermatitis. P.......... 7.0 1.50 | 22.8 | 20.5 | 0.19 | 2.50 
8.2 1.70 | 22.1 | 20.1 | 0.22 | 2.68 
7.3 1.34 | 18.3 | 16.8 | 0.23 | 3.15 
6.9 1.23 | 17.9 | 16.2 | 0.19 | 2.75 


reason that the latter were reported to contain no cholesterol 
esters (9). The lipids in the cutaneous epithelium differ from the 
subcutaneous fat in another respect. As is shown in Table II 
the former contain appreciable amounts of phospholipids, the 
average value being 2.7 percent. This isin marked contrast with 
our observation that the latter contain less than 0.1 per cent of 
such lipids. 

From what has been said above it is quite evident that so far 
as their cholesterol and phosphatide content is concerned, the 
cutaneous lipids differ from the lipids contained in the subcutane- 
ous layer. On the other hand, the fatty acids of the two types of 
human lipids are much alike. In the first place the iodine num- 
bers are practically identical; that of the subcutaneous fat being 
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65 and that of the epithelial, 62. In the second place the distri- 
bution of the more highly unsaturated fatty acids in the epithe- 
lium is similar to that recently reported for the subcutaneous lipids 
(7). The proof of the presence of such acids was obtained by 
adding bromine to an ether solution of the saponifiable fraction. 
The immediate formation of a light brown precipitate showed the 
presence of acids more unsaturated than oleic and linoleic. That 
the latter is likewise present was demonstrated by evaporating off 
the ether in the filtrate from the insoluble bromides and dissolving 
the residue in boiling petroleum ether. On cooling, cream-colored 
crystals separated out. The method of Wesson (10) showed that 
the saponifiable fraction contained 0.4 per cent of fatty acids form- 
ing ether-insoluble bromides and 0.5 per cent acids forming bro- 
mides soluble in ether but insoluble in cold petroleum ether. The 
values previously reported by one of us (7) for the subcutaneous 
lipids were 0.36 and 0.50 per cent, respectively. 


SUMMARY. 


1. The cholesterol content of the lipids in the human cutaneous 
epithelium has been determined by the digitonin method and found 
to range from 13 to 24 per cent. The majority of the samples 
analyzed contained from 18.3 to 19.5 per cent. Expressed in per 
cent of the original skin the variation was found to be from 0.58 
to1.5 percent. 90 per cent of the cholesterol is in the uncombined 
form. Previous work has shown that the lipids in the subcutane- 
ous layers of man contain only 0.24 per cent cholesterol. 

2. The phospholipid content as calculated from amount of phos- 
phorus in the total lipids varies from 2.50 to 3.15 per cent. The 
average of these values (2.7) is in marked contrast with value found 
for the subcutaneous lipids which is less than 0.1 per cent. 

3. The saponifiable fraction of the lipids has practically the 
same iodine number as the saponifiable fraction of the subcutane- 
ous lipids. The distribution of the highly unsaturated fatty acids 
is likewise similar for the two types of lipids. 


Through the courtesy of Professor George C. Ashman, the 
laboratory of the Department of Chemistry of Bradley College, 
Peoria, Illinois, was made available during the summer of 1925 
for carrying out a part of the analytical work reported in this 


paper. 
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A STUDY OF THE NEW BENEDICT METHOD FOR THE 
DETERMINATION OF BLOOD SUGAR. 


By REED ROCKWOOD. 
WITH THE TECHNICAL ASSISTANCE OF ADAM SXCZYPINSKI. 


(From the Department of Medicine, University of Maryland, Baltimore.) 


(Received for publication, May 10, 1926.) 


Benedict (1) has recently devised a new method for the deter- 
mination of blood sugar which he claims to be more specific for 
glucose and less influenced by other substances than any other 
method in general use. It seemed desirable to compare this 
method with that used by Folin and Wu under conditions existing 
in a general hospital, since any improvement in methods which 
allows us to measure glucose more accurately is a distinct advance 
in the study of carbohydrate metabolism. More recently Fo- 
lin (2) has admitted the justice of Benedict’s criticisms of his old 
method but prefers to use still another modification of his own 
method which gives substantially the same readings as the new 
Benedict. 

Tests were made by both the Folin-Wu and Benedict procedures 
upon 300 blood samples. About one-half of these were from dia- 
betic patients in various stages of treatment. In addition a 
number of sugar tolerance tests was done by both methods and 
some other experiments were carried out upon the distribution of 
the difference value between cells and plasma. 

The exact method described by Benedict was used with one 
exception which was made about half way through the series. 
Benedict states that the Folin-Wu method shows an apparent 
increase in glucose if the heating is prolonged beyond 6 minutes 
and that his own method shows the same curve of increase but to a 
correspondingly less extent. He recommends heating from 4 to 
5 minutes. In repeating this, we confirmed the observation in 
regard to the Folin-Wu test, but in the case of the Benedict we 
found a slight change up to 6 minutes and thereafter no further 
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change up to 10 minutes. We therefore increased the tim: 
heating the Benedict test up to6 minutes. This had the a:ivante 
of allowing the Folin-Wu and Benedict tubes to remain in the same 
bath for the same length of time. 

Rothberg and Evans (3) have called attention to the fact that a 
further correction is necessary when concentrations of color are 
matched which are not almost the same. They have suggested 
a special type of tube to control the concentration factor and avoid 
this calculation. Beeler and Aldrich (4) devised graphic correc- 
tion charts to avoid the use of special tubes and these have been 
in successful use at the Mayo Clinic for several years and have also 
been adopted by this laboratory. Oser and Karr (5) have also 
advocated the use of such charts. To construct such correction 
curves, glucose solutions of known concentration are taken and 
read in the colorimeter against both the 0.2 and the 0.4 mg. stand- 
ards. The actual colorimeter reading is plotted against the real 
sugar value in mg. on a squared chart large enough so that the cor- 
rection can be made to the nearest mg. A smoothed curve is 
drawn through these points. The theoretical curve is usually 
plotted for comparison. With the use of such charts the whole 
calculation and correction can be determined from the colorimeter 
reading by locating one point. We feel that this method of plot- 
ting the curve is of more practical value for daily use than that 
illustrated by Oser and Karr. 

Like Oser and Karr we have not found as great corrections with 
the Folin reagents as those given by Rothberg and Evans but it is 
appreciable, especially when dealing with blood from diabetic 
patients. The various lots of Benedict’s reagents which we have 
used seem to need less correction than the Folin, several requiring 
none at all. | 

Rothberg and Evans believe that this discrepancy is due to a 
failure of the curve of color dilution to follow Beer’s law, under the 
ordinary conditions of the test, but do not explain the cause of this 
aberration. Ostwald (6) however calls attention to the fact that 
colloidal solutions do not exactly follow Beer’s law. The colloidal 
nature of the blue oxides of molybdenum and tungsten used in 
the blood sugar determination is shown by their failure to dialyse 
and their slow rate of diffusion into gels. Indeed the standard 
method of making colloidal solutions of these salts is by reduction. 
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We have gone on the assumption, which was used at the Mayo 
Clinic, that the correction curves would be constant as long as a 
given lot of reagents was in use. A comparison of these curves on 
our various solutions at different intervals (which are made in 
liter lots) show that while the general trend of the curve seems to 
be stable there is some variation in the course of time. We 
are studying this question further. For this reason we are report- 
ing our figures for Folin blood sugar both in the corrected and un- 
corrected form. 


SO 60 70 860 90 100 110 120 
Mg. of glucose 


Fig. 1. Normal level of blood sugar by Benedict method. 


After excluding all diabetic patients in any stage of treatment 
and those with other forms of disturbed carbohydrate metabolism 
or those severely ill, with associated slight disturbances of blood 
sugar level, we have a group of samples from 136 normal patients. 
These are shown in Fig. 1. The mode is clearly between 75 
and 85 mg. per 100 ce. and the range from about 50 to 120 mg. 
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The extremes are probably more marked in such a group of hospi- 
tal patients than they would be in a healthy group such as students. 

The most interesting point in the comparison of these two 
methods is the significance of the difference value. The range of 
the difference values for the entire series is shown in Fig. 2. It 


54 


No. of patients 
> 8 


| Mg. of gluc ose ; 


Fic. 2. Distribution of the difference value between the Folin-Wu and 
Benedict blood sugar methods. 


will be seen that the Benedict method does not always give lower 
results than the Folin-Wu but sometimes they are practically 
identical. We cannot correlate this group with the deterioration 
of the reagent with age as Folin suggests. In twenty-one cases in 
the group the Benedict method gave higher readings than the 
Folin-Wu. If we examine this group however, we find that in eight- 
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een cases the difference represents less than 1 mm. on the colorim- 
eter. Repeated checks have shown us that while we can often 
do better, as a rule in routine work in our laboratory no signifi- 
cance can be attached to readings which represent a variation on 
the colorimeter of less than 1 mm. This is probably largely due 
to retinal fatigue and the differences existing in the eyes of differ- 
ent individuals. Hence these represent probably more of the 
group in which the Benedict and Folin-Wu methods give substan- 
tially the same results. This leaves only three bloods in the entire 
group of 300 in which the Benedict was higher than the Folin-Wu 
and these can easily be ascribed to probable technical error. 

We had hoped that this difference value might be correlated 
with some substance concerned with normal or abnormal carbo- 
hydrate metabolism. When the difference values are plotted 
into two groups, the diabetic and the non-diabetic, the scattering 
is more marked in the diabetic group and the non-diabetic group 
is more compact although this distinction is not very striking. 
This may simply be a reflection of the fact that the diabetic group 
included a much wider range of blood sugar and hence mathe- 
matically a greater variation was possible. The percentage of 
the difference value in relation to the Folin-Wu was calculated for 
the entire group and then plotted for both the diabetic and the 
non-diabetic patients (about 50 per cent of the total). There was 
no significant difference. 

We could not make anv correlations between severity of dia- 
betes, use of insulin, individual peculiarity of the patient, or upon 
any other similar basis. 

We have noted that the precipitate of cuprous oxide is much 
more slowly soluble in tne Benedict color reagent than in that of 
Folin and Wu. In the case of high blood sugars the tube often 
had to be shaken to put the precipitate into solution. A glass 
bead in the tube is of some help. Folin has also observed this and 
believes that it is due to a deterioration of the developing solu- 
tion on standing in the sugar tube. It seems to us to be due in 
part at least to a difference in specific gravity of the reagents 
since the Benedict color reagent does not sink to the bottom of the 
sugar tube and mix as well as the Folin-Wu reagent. This may 
be the explanation of the very marked difference values in the 
two cases at the extreme left of Fig. 2 since these tests were 
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done early in the series upon diabetic patients, before we were 
. fully conscious of this source of error. 

Obviously there is some reducing substance in the blood which 
is not glucose which gives a reduction under the conditions pres- 
ent in the Folin-Wu method but not with the Benedict. Table I 
shows that this is not due to the normal nitrogenous reducing 
bodies present in the blood since in a group of cases of uremia with 
a non-protein nitrogen of over 100 mg. per 100 ec. there is no 
increase in the difference value. 

If one of the non-glucose reducing bodies of the blood which 
might be concerned with carbohydrate metabolism was responsible 
we might expect to get some evidence of it in the pathological 


TABLE L. 
Blood Sugar in Uremia. 

mg. md. md. mq. md. 
| 120 100 100 76 24 
2 286 96 96 104 +8 
3 176 136 127 100 27 
4 116 108 106 . 90 16 
5 114 100 100 92 8 
6 161 107 105 90 5 
7 200 138 129 107 22 
8 103 104 103 100 3 
218 136 114 22 
10 162 132. 126 110 16 


changes taking place in diabetes but this is not the case. Similarly 
a group of sugar tolerance tests made by both methods (Table II) 
shows no characteristic change during the absorption of glucose. 

It occurred to us to see if there was any difference in the distri- 
bution of the substance causing the difference value between the 
cells and the plasma. F iltrates were made from whole blood and 
then the cells and plasma were separated and filtrates made from 
these according to the method of Wu (7). The sugar was deter- 
mined in all three samples by both methods. ‘The results which 
are shown in Table III show clearly that there is a greater concen- 
tration of the substance causing the difference value in the cells 
than in the plasma. Sometimes it is all located there. In inter- 
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preting this table it must be remembered that we do not feel that 
variations representing less than 1 mm. on the colorimeter are 
significant. 

Of the chemical substances which are present in a larger concen- 


TABLE III. 
Distribution of Difference Value between Corpuscles and Plasma. 
3 | Remarks. 
2 
ele] 
mg. 
1 ; 80) 84, 60,140/130 125)110 108) 74, 24) 34 
2 194) 6)+2) +9 
3 | 90} 91} 82| 78} 86) 78) 82) 86) 57; 8) 29 
4 |132,124/116 114)111)108)103 101 ny 3} 8) 30 
5 | 92) 93) 71) 75) 80) 75) 94) 95) 53; 22) 42 
6 |208'208/208 217/217 232'161 161/170,+15) +9 
7 98 98) 62) 16) 22) 36 
§ 77; 95) 93) 79 81) 54) 2) 23) 27 
9 | 91) 91) 83) 95) 95) 83) 55 57 70; 12) 8/413 
10 |100)100) 88; 26) 22 
11 | 88! 77! 90) 90) 80) 75, 77, 54) 10, 11) 23 
12 | 77) 79) 75) 72) 74! 72) 63) 65) 45) 2) 20 
13 | 88} 83; 88} 88) 91) 76) 65) 3) 5} 13 
14 63.104:104) 94; 94 94; 68 10) 38) 26) Sugar tolerance test. 
15 |104)103) $2) 95, 95) 80 98) 98; 60; 15) 22) 38) Fasting. 
87; 25) 34) 27) 4 hr. Slight hemolysis. 
86, SS; 77) Lost. Lost. 13 hrs. 
104/103) 94) 90) 92)100) 78 84) 72; +8) 9) 12) 23 “ 
90} 92) 94) 88) 90/102) 74) SO} 14) 33 “ 
81) 85 60) 78; 84 86) 66) 71) 58) +2) 25) 13) 43 
16 | 37) 37) 35) 33) 33) 33) Toolow 2} O| ? | Insulin hypoglycemia. 
to read. 


tration in the cells than in the plasma which might cause reduc- 
tion we think first of the undetermined nitrogen which as Wu has 
shown is all contained in the corpuscles. Buell (8) has shown 
that the organic phosphorus is contained almost entirely in the 
corpuscles and this has been confirmed by Benedict and Theis 
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(9). The conditions under which the phosphorus as phosphomo- 
lybdic acid is reduced are somewhat similar to the reduction by 
glucose and while inorganic phosphates will not reduce the sugar 
reagents, it does not seem impossible that certain organic com- 
pounds of phosphorus might accomplish this result. 

However a test of calcium glycerol phosphate and calcium hex- 
ose phosphate with the Folin-Wu and Benedict methods showed 
no essential difference between the two. 


SUMMARY. 


1. The new Benedict method for blood sugar was compare to 
the Folin-Wu in a series of 300 samples of blood. 

2. The Benedict reagents which have been used up to date do 
not require so great a correction for lack of proportion in color 
development as the Folin-Wu. 

3. The normal cases in this group show a mode between 75 to 
85 mg. per 100 ce. and a range of from 50 to 120 mg. 

4. The difference value between the Folin-Wu and Benedict 
methods does not seem to be correlated with any factor in the 
condition of the diabetie patients. 

5. The cuprous oxide precipitate in the Benedict test is more 
difficultly soluble than in the Folin-Wu especially with high blood 
sugars. 

6. The substance causing the difference value is apparently not 
one of the ordinary nitrogenous reducing substances since the 
difference value is not increased in uremia. 

7. Sugar tolerance tests show no characteristic variation in the 
difference value. 

&. The substance causing the difference value seems to be pres- 
ent in greater quantity in the cells than in the plasma and is some- 
times only present there. 
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BENZOYLATED AMINO ACIDS IN THE ANIMAL 
ORGANISM. 


Ill. A METHOD FOR THE DETERMINATION OF HIPPURIC ACID* 
AND A STUDY OF THE SYNTHESIS OF HIPPURIC 
ACID IN RABBITS.?+ 


By WENDELL H. GRIFFITH. 


(From the Department of Biological Chemistry, St. Louis University School 
of Medicine, St. Louis.) 


(Received for publication, May 17, 1926.) 


In 1877 Salkowski (1) noted the presence of a reducing substance 
in the urine of rabbits following the administration of sodium 
benzoate. Later Magnus-Levy (2) reported that this substance 
was benzoyl glycuronie acid and stated that less was found in the 
urine of rabbits than in the urine of dogs and sheep. At the 
present time it is the general assumption that rabbits detoxicate 
ingested benzoic acid almost entirely by conjugation with glycine 
and it has been the common practice to determine benzoyl glycine, 
or hippuric acid, by analyzing the urines for total combined ben- 
zoic acid. Ina recent investigation of the effect of the administra- 
tion of benzoate on the nitrogen partition in the urine of rabbits 
it was found that the undetermined nitrogen fraction, including 
hippuric acid nitrogen, was frequently less than the value for 
hippuric acid nitrogen calculated from the excretion of combined 
benzoie acid. It appeared from these analyses that there might 
be significant amounts of benzoyl glycuronic acid in the urines. 
A study was made, therefore, of the relative importance in rabbits 
of conjugation of benzoic acid with glycine and with glycuronic 
acid. 

* A preliminary report of this method was presented before the American 
Society of Biological Chemists at Cleveland, December, 1925. (Griffith, 
W.H., J. Biol. Chem., 1926, Ixvii, p. xv.) 

+ Presented before the Society for Experimental Biology and Medicine, 
April 21, 1926. 
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EXPERIMENTAL. 
I. Determination of Hippuric Acid. 


Hippuric acid cannot be determined in the presence of benzoyl 
glycuronic acid by the method of Folin and Flanders (3) or by that 
of Kingsbury and Swanson (4) since these procedures determine 
total benzoic acid rather than hippuric acid. The method of 
Dakin (5) or the method of Snapper and Laqueur (6) may be used 
but both are long and tedious. A more satisfactory procedure 
was developed on observing that hippuric acid was readily ex- 
tracted from urine with ether in a continuous extractor. The 
only nitrogenous substances found in the ether residue were hip- 
puric acid and traces of urea. Since the urea could be completely 
decomposed by treatment with free bromine and sodium hypo- 
bromite as described by Werner (7), it was possible to analyze 
the resulting solution directly for hippuric acid nitrogen. The 
method is as follows: 

Transfer 10 cc. of protein-free urine (containing not more than 
150 mg. of hippuric acid) to the extraction tube. The arrange- 
ment of the extraction apparatus is shown in Fig. 1. Add suff- 
cient acid (0.1 to 0.5 ce. of concentrated HCl) to make the urine 
acid to Congo red. Place 100 ec. of ether in the 500 ce. Kjeldahl 
flask and immerse the lower portion of the flask in a water bath 
heated to 60-70°C. Continue the extraction for 1 hour. Distil 
off the ether. ‘The use of a condenser permits the recovery of two- 
thirds or more of the ether. To the dry crystalline residue in the 
flask add 5 ce. of the sodium hypobromite solution. As soon as 
the residue has dissolved make the solution acid with 2 ce. of dilute 
H.SO, (1:4). Shake the flask gently and add 2 cc. of NaQH 
(25 per cent) and 2 cc. of the hypobromite solution. Mix thor- 
oughly and proceed with the determination of nitrogen by the 
ordinary Kjeldahl method. 

The sodium hypobromite solution was prepared by mixing equal 
volumes of sodium hydroxide (25 per cent) and a solution contain- 
ing 12.5 gm. of bromine and 12.5 gm. of sodium bromide dissolved 
in 100 ce. of water. 

The extraction apparatus (Fig. 1) is a modification of that used 
by Clausen (8) and was designed to obviate the necessity of sus- 
pending the extraction tube by a wire or thread. J/ is a Hopkins 
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condenser. F is an extraction tube of Pyrex glass, 42 « 1.5 em. 
An opening, O, 1.0 em. in diameter, is blown 28 em. from the bot- 
tom of the tube. A is a 500 ee. Kjeldahl flask. The inner tube, 
T, is made with a lip so that the tube is supported in an upright 
position. The openings at the bottom should be large enough to 
allow an unobstructed flow of ether. The corks, C; and C2, remain 
permanently on the condenser and extraction tube respectively. 

It was found that traces of protein in the urine resulted in the 


1. 


formation of an emulsion in the supernatant ether layer. This 
difficulty was successfully overcome by the addition of 1 to 5 ee. 
of 1 per cent sodium tungstate solution to the urine in the extrac- 
tion tube. Neither the precipitated protein tungstate nor the 
excess tungstic acid interfered with the extraction of hippuric 
acid. 

The following analyses of a test solution showed that none of the 
main nitrogenous constituents of urine, other than hippuric acid 


----7 

-+---0 


200 Hippuric Acid. III 


and urea, were extracted in significant amounts by ether and that 
the urea was completely decomposed by the treatment with bro- 
mine and sodium hypobromite. 10 ec. of this solution contained 
200 mg. of urea and 10 mg. of each of the following: uric acid, 
allantoin, creatinine, creatine, glycine, leucine, and ammonium 
chloride. These results are expressed in cc. of 0.1 N acid neutralized 
by ammonia in the Kjeldahl determination. 


Average of four blank determinations....... 0.13 ce. of 0.1 N acid. 
* ‘« five analyses of the test solution. .0.16 “ “ O01“ “ 


The analysis of a solution containing 100 mg. of hippuric acid 
demonstrated that the extraction with ether was complete in 60 
minutes and that hippuric acid was not destroyed by the use of 
bromine and sodium hypobromite. Over 90 per cent of the hip- 
puric acid was extracted in 30 minutes. 


Hippuric acid. 


Ether extraction: mg. 
96.6 

99.4 


Analysis of the solution for nitrogen by Kjeldahl method....98.3 


The application of the procedure to urines is shown in Table I. 
From the results on Urine A it was evident that no interfering 
substances were being slowly extracted from the urine by the ether 
because the value for hippuric acid was not increased by con- 
tinuing the extraction for 2 hours. Since neither free benzoic 
acid nor benzoyl glycuronic acid was present in these urines, the 
results obtained by the ether extraction method checked satis- 
factorily with the determination of total benzoic acid by the 
method of Folin and Flanders. 

The use of the continuous extractor and the fact that the whole 
determination is made in the same flask has so cut down the num- 
ber of laboratory manipulations that the working time required 
for the completion of an analysis is only a little more than that 
necessary for a nitrogen determination. The method has been in 
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use for over a year and has been found convenient and accurate. 
Since the preliminary report was made the details of a similar 
procedure by Quick (9) have been published. Quick also utilized 
the extraction of hippuric acid from urine with ether but deter- 
mined glycine in the hydrolyzed ether residue by means of the 
formol titration. 


II. Conjugation of Benzoie Acid by Rabbits. 


A study was made of the excretion of free benzoic acid, hip- 
puric acid, and total benzoic acid in the urine of normal adult 


TABLE I. 
Determination of Hippuric Acid in Urine* by the Ether Extraction Method, 


Procedure. Hip —_ 
mg. 

A. Ether extraction. 
39.8 
B. Ether extraction (60 min.). 84.2 
C. Ether extraction (60 137.0 
D. Ether extraction (60 min.).................ccccecececes 50.2 
52.6 


* These analyses were made on specimens of human urine collected after 
ingestion of 3.0 gm. of sodium benzoate. 


rabbits following the administration of sodium benzoate. Free 
benzoie acid was determined by the method of Raiziss and Dubin 
(10), hippurie acid by the method described above, and total 
benzoic acid according to the procedure of Folin and Flanders. 
Urines were collected by gentle pressure on the bladder and were 
preserved with chloroform. 

After the ingestion of benzoate the experimental urines con- 
tained a reducing substance which was difficultly soluble in ether 
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TABLE II, 


III 


Excretion of Free Benzoic Acid, Hippuric Acid, and Combined Benzoic Acid 
in the 6 Hour Period Following the Oral Administration of 
Sodium Benzoate. 


Benzoic acid 


Extra benzoic acid excreted in 6 hr. period. 


per cent of 
kg. gm. gm. gm. combined gm. 
benzoic acid 
145 ee 0.25 0.000 0.370 93 0.400 
0.50 0.014 0. 640 82* 0.783 
1.00 0.021 0.773 S4 0.922 
146 ae 1.00 0.028 0.574 73 0.783 
142 2.0 0.75 0.083 0.398 O+ 0.618 
144 2.0 0.75 0.046 0.624 77 0.809 
158 2.0 1.00 0) .042 0.5354 71 0.748 
189 2.0 1.00 0.035 0.619 68 0.904 
152 2.0 0.25 0.000 0.358 89 0.401 
0.50 0.000 0.506 83 0.612 
0.50 0.111 0.465 75* 0.624 
1.00 0.000 0.370 63 0.585 
156 2.0 0.25 0.000 0.354 83 0.428 
0.50 .007 0.505 76 0.665 
0.50 0.139 0.515 a 0). 669 
0.75 0.000 0.388 65 0.600 
154 2.6 0.25 Q).000 0.448 91 0.491 
Q.25 0.028 0.554 86* 0.644 
0.50 0.000 0.605 85 0.714 
0.50 0.101 0.875 90* 0.967 
0.75 0.000 0.598 88 0.680 
155 2.6 0.25 0.000 0.420 91 0.464 
0.50 0.000 0.922 97 0.950 
0.50 0.108 0.890 84* 1.055 
0.75 0.000 0.663 75 0.883 
153 2.8 0.25 0.000 0.573 94 0.610 
0.25 0.035 0.598 91* 0.655 
0.50 0.000 0.840 89 0.943 
0.50 0.118 0.955 87* 1.102 
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Benzoic acid Extra benzoic acid excreted in 6 hr. period. 
No. F Hippuric acid calculated Combined 
benzoate. as benzoic acid. 
per cent of 
kg. gm. gm, gm. combine | gm. 
benzoic acid 
0.75 0.007 0.922 84 1.093 
1.00 0.000 0.750 86 0.873 
151 3.0 0.25 0.000 0.624 98 0.638 
0.25 0.024 0.624 93* 0.670 
0.50 0.010 0.875 93 0.944 
0.50 0.090 0.850 85* 0.999 
0.75 0.007 0.868 8&9 0.973 
1.00 0.007 0.732 SF. 0.849 


* Benzoate administered intravenously. 


TABLE III. 


Excretion of Free Benzoic Acid, Hippuric Acid, and Combined Benzoic Acid 
in the 24 Hour Period Following the Oral Administration of 
Sodium Benzoate. 


Benzoic acid Extra benzoic acid excreted in 24 hr. period. 
Rabbit per kilo 
Weight. jadministered 
No. 4 Combined 
pe: cent 
kg. gm. gm, gm, combined gm. 
benzvic acid 
156 2.0° 0.75 0.000 1.033 70 1.472 
1.00 0.060 1.090 65 1.674 
152 2.0 1.00 0.000 1.255 66 1.903 
154 2.6 0.75 0.000 1.568 87 1.792 
1.00 0.030 2.005 83 2.410 
155 2.6 0.75 0.000 1.498 82 1.823 
1.00 0.094 2.160 92 2.336 
153 2.8 0.75 0.007 1.824 87 2.086 
1.00 0.057 1.610 89 1.803 
151 3.0 0.75 0.000 1.951 87 2.251 
1.00 0.035 2.380 90 2.645 
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and which was not fermented after incubation with yeast for 24 
hours at 37°C. A neutral solution of the residue from the ether 
extract was dextrorotatory and gave a positive naphthoresorcinol 
test for glycuronic acid. The ether extracts always contained 
more combined benzoic acid than was present as hippuric acid and 
it was assumed that this extra benzoic acid was benzoyl glycuronic 
acid. 

The excretion of free benzoic acid, hippuric acid, and combined 
benzoie acid in the 6 hour period following the administration of 


TABLE IV. 


Average Excretion of Free Benzoic Acid, Hippuric Acid, and Combined 
Benzoic Acid per Kilo Following the Administration of Sodium Benzoate. 


Benzoic Extra benzoic acid excreted per kilo. 
acid per kilec| Length of 
No. of Average adminis- ex peri- 
rabbits. weight. tered as mental Hippuric acid | ne 
sodium period, Free. calculated as benzoic 
benzoate. acid. pore 
per cent of 
kg gm hrs. qm gm. 
acid, 

7 2.4 0.25 6 0.000 0.190 93 0.204 
3 2.8 0.25 6 0.010 0.211 90* 0.234 
6 2.5 0.50 6 0.000 0.283 SS 0.322 
7 2.4 0.50 6 0.040 0.309 84* 0.369 
7 2.4 0.75 6 0.008 | 0.262 79 0.332 
7 2.2 1.00 6 0.009 0.283 77 0.367 
ss) 2.6 0.75 24 0.000 0.605 S83 0.725 
6 2.5 1.00 24 0.018 0.700 S2 0.852 


* Benzoate injected intravenously. 


benzoate is shown in Table II. In these experiments the amount 
of benzoate fed varied from 0.25 gm. to 1.0 gm. of benzoic acid 
per kilo. The results of similar analyses of the urines of 24 hour 
periods following the ingestion of benzoate equivalent to 0.75 gm. 
and 1.0 gm. of benzoic acid per kilo are given in Table III. Table 
IV shows the average excretion of free and combined benzoic 
acid per kilo in the 6 and 24 hour periods. Table V contains the 
results of four experiments in which benzoate was fed with glycine. 

In a few rabbits the ingestion of 1.0 gm. of benzoic acid per kilo 
caused a slight diarrhea. No other toxic effects were observed. 
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TABLE V. 
Excretion of Hippuric Acid and Combined Benzoic Acid in the 6 Hour Feriod 


Following the Oral Administration of Sodium Benzoate Alone 


and of Sodium Benzoate with Glycine or Alanine. 


Extra benzoic acid 
excreted in 6 hr. period. 
Hippuric acid 
calculated 
as benzoic acid. 
per cent 
of com- 
kg. gm, bined gm. 
benzoic 
acid. 
104 1.8 0.545) 81 | 0.670) Control. 
0.870; 93 | 0.936) 1.0 gm. benzoic acid per kilo and 
glycine (4 equivalents). 
0.377 1.0 gm. benzoie acid per kilo and 
alanine (2 equivalents). 
158 2.0 0.534) 71 | 0.748) Control. 
0.464; 68 | 0.684) 1.0 gm. benzoie acid per kilo and 
5.0 gm. hydro) yzed egg albumen. 
1.140} 94 | 1.210) 1.0 gm. benzoic acid per kilo, 3.6 
gm. hydrolyzed egg albumen, and 
glycine (1 equivalent). 
178 2.0 0.534) 71 | 0.754) Control. 
1.148) 91 | 1.253) 0.75 gm. benzoie acid per kilo and 
glycine (2 equivalents). 
0.422} 71 | 0.596) 0.75 gm. benzoic acid per kilo and 
alanine (3 equivalents). 
189 2.0 0.619) 68 .904) Control. 
1.478! 97 | 1.522) 1.0 gm. benzoic acid per kilo and 
glycine (2 equivalents). 
DISCUSSION. 


From an examination of Table IV it is apparent that in those 
experiments in which benzoate was given orally the maximum out- 
put of benzoic acid combined with glycine occurred in the 6 hour 
period following the administration of 0.5 gm. of benzoie acid per 
This value, 0.283 gm. per kilo, was not increased by doubling 


kilo. 


the quantity of ingested benzoate. 


However, as the dose of 
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benzoic acid increased from 0.25 to 1.0 gm. per kilo, there was an 
increased excretion of combined benzoic acid. In the 6 hour 
period after the feeding of 0.25 gm. of benzoic acid per kilo, 83 to 
98 per cent of the combined benzoic acid was hippuric acid (Table 
II). Following the administration of 1.0 gm. of benzoic acid per 
kilo only 63 to 86 per cent of the combined benzoic acid was hip- 
purie acid. Glycuronic acid was utilized to detoxicate benzoic 
acid after the ingestion of 0.25 gm. per kilo even though the maxi- 
mum rate of synthesis of hippuric acid had not been exceeded 
(Table IV). 

The results of the analyses of the urines of the 24 hour periods 
were similar to those of the 6 hour periods. After the ingestion 
of 1.0 gm. of benzoic acid per kilo hippuric acid constituted from 
65 to 90 per cent of the combined benzoic acid. These findings 
confirmed those of Wiener (11), Ringer (12), and Epstein and 
Bookman (13) who reported that 70 to 80 per cent of ingested 
benzoate (equivalent to 1.0 gm. of benzoic acid per kilo) was ex- 
creted as hippuric acid in a 24 hour period. According to Wiener 
the remaining 20 to 30 per cent was excreted as free benzoic acid. 
Neither Ringer nor Epstein and Bookman accounted for the in- 
complete elimination of the ingested benzoate. Our results were 
quite different from those of Raiziss and Dubin (14) who concluded 
that the synthesis of hippuric acid in rabbits was practically quan- 
titative when no more than 1.0 gm. of benzoic acid per kilo was fed. 
In none of our experiments in which 0.5 gm. or more of benzoic 
acid per kilo was administered was the synthesis of hippuric acid 
quantitative. After the ingestion of 0.25 gm. of benzoic acid per 
kilo the average output of benzoyl] glycuronic acid in seven rabbits 
represented 7 per cent of the combined benzoic acid and 23 per 
cent after the administration of 1.0 gm. of benzoic acid per kilo. 
The excretion of benzoyl glycuronic acid was always greater in the 
6 hour period than in the subsequent 18 hour period. 

The excretion of free and combined benzoic acid was greater 
after the intravenous injection of 0.5 gm. of benzoic acid per kilo 
than after its oral administration. As was to be expected, the 
most marked increase was in the excretion of free benzoic acid, the 
average for the 6 hour period being 0.04 gm. per kilo. In other 
experiments (15) the average excretion of free beuzoic acid in 16 
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rabbits after the intravenous administration of 1.0 gm. of benzoic 
acid per kilo was 0.19 gm. per kilo. 

The feeding of glycine with benzoate was previously reported 
to increase the rate of synthesis of hippuric acid in rabbits. <A 
few of these experiments were repeated since hippuric acid had 
formerly been determined as combined benzoic acid. The results 
entirely confirmed the earlier conclusions (Table V). The ad- 
ministration of glycine with benzoate increased the output of 
hippuric acid and decreased that of benzoyl glycuronic acid. The 
administration of alanine or of hydrolyzed egg albumen, which 
contains little or no glycine, with benzoate had no effect on the 
elimination of hippuric acid or of benzoyl glycuronie acid. 

The present study, which was facilitated by the development of 
a satisfactory method for the determination of hippuric acid, 
demonstrated that the ability of rabbits to synthesize hippuric 
acid has been overemphasized. Although conjugation of benzoic 
acid with glycine predominates, nevertheless conjugation with 
glycuronic acid plays an important rodle in this animal as well as 
in the sheep (2), pig (16), and dog (9). _Insome of our experiments 
over one-third of the combined benzoic acid was excreted as ben- 
zoyl glycuronic acid. It is obvious that in such cases gross in- 
accuracies would result from the calculation of the glycine output. 
on the basis of the excretion of total combined benzoic acid. 


SUMMARY. 


1. A method for the determination of hippuric acid has been 
described. 

2. A study was made of the excretion of free benzoic acid, hip- 
puric acid, and combined benzoic acid in rabbits after the ad- 
ministration of sodium benzoate (equivalent to 0.25 to 1.0 gm. 
of benzoic acid per kilo). 

3. The maximum rate of elimination of hippuric acid occurred 
after the administration of 0.5 gm. of benzoic acid per kilo. 

4. Hippuric acid constituted only 65 to 90 per cent of the com- 
bined benzoic acid in the urine of the 6 and 24 hour periods after 
the ingestion of 1.0 gm. of benzoic acid per kilo. 

5. These experiments indicated that the extent to which the 
rabbit detoxicates benzoic acid with glycuronic acid has been 
underestimated. 
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THE OPTICAL ACTIVITY OF CYSTEINE.* 


By JAMES C, ANDREWS. 


(From the Department of Physiological Chemistry, School of Medicine, 
University of Pennsylvania, Philadelphia.) 
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INTRODUCTION, 


The exact optical activity of cysteine has been a matter of 
doubt. Baumann (1) reported that [a], = —12.6° for the 
hydrochloride and —8.8° for the free ampholyte. Morner (2), 
on the other hand, stated that while some preparations of cysteine 
showed values similar to those of Baumann, other preparations 
were inactive or weakly dextrorotatory. Apparently no other 
investigator has reported dextrorotatory cysteine; the figures 
usually reported for [a], range from — 10° to — 20°. 

Cysteine bas usually been prepared by reduction of cystine with 
metallic tin in hydrochloric acid solution (1-3). Other reducing 
agents such as sulfides (4, 5), sulfites (6-8), hydriodic acid (1), 
cyanides (9), and other metals have been used. However, they 
have generally resulted in incomplete reduction. 

According to Mathews and Walker (10), cysteine reoxidizes to 
cystine most rapidly at about pH 8. This harmonizes with the 
usual practice of effecting the opposite reaction at pH levels above 
or below this point. While tin and hydrochloric acid have been 
the usual agents, satisfactory reductions are obtained by the Folin 
and Looney (7) method in sodium carbonate solution. At pH 
values below the isoelectric point of cystine and cysteine (it is to 
be presumed that they are not far apart) the reaction would 
undoubtedly be: 


R-—-S-—S — Rt + 2H* + 2 (-) 2RSH* 


* A preliminary report of this paper was published in the Proceedings of 
the American Society of Biological Chemists (J. Biol. Chem., 1926, Ixvii, 
p. lix). 
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Corresponding reactions may also be written for isoelectric 
material and for the alkali salt. 

To estimate the relative proportions of cystine and cysteine in 
solution by means of its optical activity requires a more exact 
knowledge of the rotatory power of cysteine and the discrepancies 
between the resvlts of calculations, based on an assumption of 
la], = —12°, and the results of determinations by the method of 
Folin and Looney make it appear that the above negative value is 
probably too high. For this reason, attempts were made to pre- 
pare samples of cysteine as pure as possible and to determine their 
specific rotation before reoxidation could occur. 

The optical activity of the cystine used in the cysteine prepara- 
tion is of course an important factor in determining the final 
activity of the latter. The figures quoted above referred to mate- 
rial prepared from strongly levorotatory samples of cystine ({a], 
= —200° to —220°). Morner (3) and Neuberg and Meyer (11) 
report inactive cysteine obtained from racemic cystine. This 
was to have beenexpected. One of the objects of the present work 
was to trace the connection between the specific rotations of these 
two substances. 


EXPERIMENTAL. 
Reduction with Sulfites. 


Several experiments in which cystine hydrochloride in HCl 
solution was treated with an excess of sulfur dioxide or with sodium 
sulfite showed no reduction, even after 24 hours. The optical 
activity of the solution remained at its original value (that for the 
cystine) and no appreciable amount of sulfate was formed. 

The completeness of reduction under alkaline conditions was. 
also investigated by dissolving various samples of cystine in the 
smallest possible amount of sodium carbonate and adding as large 
an excess of sodium sulfite as possible. The solution after 1 hour 
(in some cases it stood overnight) was acidified with the amount 
of hydrochloric acid necessary to make the solution approximate 
the standard conditions adopted for determination of specific 
rotation (12). In all cases in which cystine with specific rotation 
of over —200° was used, the resulting solution had [a], values of 
from —60° to —70°. On the basis of later work this indicates. 
about 65 per cent reduction (see below). 
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It should be noted that the proportions of cystine and sodium 
sulfite do not correspond at all with those recommended by Folin 
and Looney for the colorimetric determination. ‘The large excess 
of sulfite used by these authors is not possible if the concentration 
of cystine is kept high enough to permit accurate determination of 
specific rotation. Our experiments are therefore not comparable 
with theirs. However, the quantitative recovery demonstrated by 
Folin and Looney, as compared with that from a standard cystine 
solution does not prove complete reduction in either case. 


Reduction with Sulfides. 


Attempts to reduce samples of cystine in acid solution by satura- 
tion with hydrogen sulfide were uniformly unsuccessful. Contact 
with hydrogen sulfide for several days did not affect the specific 
rotation. 

A series of experiments using sodium sulfide with cystine in 
dilute sodium carbonate solution showed that while considerable 
reduction was effected, it was not complete within any practical 
range of concentration. As a typical example, a sample of cystine 
({a], = —207.0°) was dissolved in the smallest possible amount of 
sodium carbonate solution and treated with four times the theoret- 
ical amount of sodium sulfide. The solution at once turned a 
bright yellow owing to the formation of polysulfide. It was 
protected from atmospheric oxidation and allowed to stand at room 
temperature for 24 hours. Aliquots were then withdrawn and 
acidified so as to approach standard conditions as nearly as pos- 
sible. [a]?? = —28.0°. On the basis of the finally determined 
specific rotation of cysteine (see below) this corresponds to about 
83 per cent reduction. In no case was over 90 per cent reduction 
attained. 

The interesting method of reduction employed by Harris (5) 
(treatment of the double mercuric sulfate salt of cystine with 
hydrogen sulfide) was tried on several cystine samples of varying 
degrees of activity but, as judged by the criterion of final optical 
activity, reduction was very incomplete. The final values for 
[a], of the cysteine varied from —20° to —80° and the highest 
percentage reduction obtained was about 85 per cent. These 
incompletely reduced solutions were, in some cases, then treated 
by the procedures described below with the result that they were 
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easily brought to a dextrorotatory condition. Harris’ method is 
evidently much more effective than the direct use of hydrogen 
sulfide on acid cystine solutions but it does not seem to be capable 
of effecting complete reduction. 


Reduction of Titanous Chloride. 


In spite of the high reducing potential of titanous chloride it was 
not found to be effective. 


Reduction with Metallic Tin. 


The following is typical of a number of experiments in which 
metallic tin was used as the reducing agent. A 1 gm. sample of 
cystine ([a|, = —207.0°) was dissolved in 25 ee. of 4.0 Mm HCl in 
a 100 ec. volumetric flask. Four times the theoretical amount 
of pure tin-foil was added and the mixture allowed to react over- 
night. Approximately one-half of the tin remained undissolved. 
Hydrogen sulfide in excess was passed in, the mixture diluted to 
volume, and filtered directly into a polariscope tube. Correcting 
for the volume of the tin and tin sulfide present [a|?’ = + 8.0°. 
In later experiments the final coneentration of cysteine was 
determined by the Kjeldahl method. This solution was then 
freed from excess hydrogen sulfide by blowing pure nitrogen 
through it. The resulting value of [a], was + 7.6°. In spite of 
the concentration of acid present (about 1 mM) the solution slowly 
oxidized on exposure to air. In about 48 hours its specific rotation 
had passd to a negative value. The solution was then brought 
to about pH 7 and was exposed to the air for several days during 
which the cystine gradually precipitated. It was washed, dried 
to constant weight, and its rotation taken. [a]?? = —208.0°. 
It was evident that the cystine could be obtained on reoxidation 
with practically unchanged activity. 

Reduction of other samples of cystine with optical activities 
ranging from — 200° to —215° gave cysteine rotation values of 
from +9.2° to +9.7°. Inall cases great care was taken to prevent 
oxidation, although in molar HC] there was no evidence that a few 
moments exposure to air had any appreciable effect. 

Attempts to substitute zine and aluminum for tin proved un- 
successful. The most sucecssful reduction obtained with metallic 
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aluminum gave a solution with [a], = —57.5°, while the corre- 
sponding value obtained with zinc was —35.0°. However, both 
of these solutions were subsequently reduced to dextrorotatory 
values by tin. 


Reduction by Electrolysis. 


Reduction of cystine by the electric current has the advantage 
of introducing no heavy metal salts into the solution. The cystine 
solution was placed in one beaker (the cathode chamber), sodium 
sulfate solution was used as the anolyte, and the two beakers were 
connected by a salt (Na,SO,) bridge. Theoretically 1 gm. of cys- 
tine should require 803 coulombs for complete reduction; at least 
ten times this amount was usually used. The cystine was dis- 
solved either in hydrochloric acid or in sodium carbonate. The 
cathode materials tried were platinum, lead, and mercury, the 
latter, as would be expected, giving best results. With 10 volts 
or less the optical activity of an originally — 205° cystine could not 
be reduced below —140°. The use of acid (H,SO,) in the salt 
bridge in order to prevent the cystine from migrating into the 
anode chamber effected no improvement. With 110 volts much 
better reductions were at once obtained, but since the heating 
effect soon produced enough bubbles in the bridge to break the 
connection, a beaker with a pool of mercury in the bottom was used 
as a cathode chamber while a porous pot (unglazed porcelain) was 
partly immersed in the beaker and contained the platinum anode. 
The 110 volt current was passed through a lamp-bank aggregating 
from 40 to 150 watts. Under these conditions of high current 
density, a cathode metal producing the highest possible overvolt- 
age, and a consumption of thousands of times the theoretical 
amount of current, complete reduction was effected. The only 
difference between the results of electrolytic reduction and reduc- 
tion by tin was that the higher temperature of the electrolysis 
caused some racemization. The resulting cysteine was slightly 
less dextrorotatory and the reoxidized cystine was also found to 
have lost some of its activity. 

It was possible merely to suspend the solid cystine in the water 
of the cathode chamber. In cases where sodium sulfate was used 
as the anolyte, the catholyte gradually became more alkaline as 
migration proceeded and the cystine went into solution long before 
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reduction was complete. The catholyte was kept covered with a 
thick layer of paraffin oil and when reduction was complete it was 
acidified with HCl before being exposed to air. Samples were 
then pipetted out for determination of specific rotation and of 
total concentration by the Kjeldahl method. 

It was also found practical to electrolyze the water suspension 
of cystine in the cathode chamber with only dilute hydrochloric 
acid in the porous cup. Under these conditions more time was 
required; the 110 volt current, passed through lamps totalling 50 
watts, required about 48 hours to reduce completely 5 gm. of 
cystine. However, by this procedure no other non-volatile sub- 


TABLE I. 
[aly 
degrees degrees degrees 

— 215.5 +9.7 Tin. 
—215.5 +9.4 —214.2 
—215.5 +9.2 Electrolysis. 
— 207.0 +8.0 — 208.0 Tin. 
— 207.0 +8.0 — 206.2 Electrolysis. 
— 207.0 +6.8 — 206.0 " 
— 203.0 +7.9 — 203.8 Tin. 
— 203.0 +5.9 Electrolysis. 
— 203.0 +7.1 — 201.0 ” 
— 192.0 +7.2 — 207.0 Tin. 
— 149.0 +6.0 —172.0 
— 60.2 +2.4 Electrolysis. 

0 


stance but the cysteine was ultimately present and in the prepara- 
tion of pure solid cysteine hydrochloride only evaporation under 
nitrogen was necessary. The numerical results of a number of 
reductions, both by tin and by electrolysis, are tabulated in 
Table I. 


Preparation of Solid Cysteine Hydrochloride. 


Attempts to prepare solid cysteine hydrochloride without oxida- 
tion required the most elaborate precautions to exclude oxygen. 
Strongly acid solutions can be handled in air without appreciable 
oxidation but the solid hydrochloride is very easily oxidized and 
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the necessity of complete exclusion of air increases as evaporation 
proceeds. However, good results were obtained as follows: 

A 4 gm. sample of cystine was electrolyzed with only dilute 
hydrochloric acid as the anolyte. After completion of electrolysis 
the solution was further acidified with HCl before removing it from 
beneath the layer of oil and samples were pipetted out for specific 
rotation and Kjeldahl determinations. 75 cc. of this solution were 
introduced into a tared 100 cc. Erlenmeyer flask fitted with two 
glass delivery tubes, each with a stop-cock. All air was previously 
removed by a stream of pure nitrogen which had passed through 
sodium pyrogallate solution and then through a wash bottle 


TABLE II. 
1 2 3 
{a]> of original cystine..| —215.5° —203.0° —60.2° 
of cysteine after 
electrolysis........... +9.2° +5.9° +2.4° 


Weight of solid cysteine 
hydrochloride ob- 
0.8240 gm. 0.8669 gm. 0.7408 gm. 

Above calculated to gm. 
of cysteine per 100 cc. 


by direct Kjeldhal 

determination.......... —_— 1.302 “ 1.115 “ 
Observed angle of final 

+0.45° +0.29° +0.08° 
{a], of final solution...... +9.0° +5.6° +1.8° 


containing leuco-methylene blue to indicate absence of oxygen. 
The stream of nitrogen was passed through at 80°C. until all liquid 
had evaporated and the flask had attained constant weight. ‘This 
process usually took several days. After weighing the dried 
residue it was dissolved in molar HCl for the determination of 
nitrogen and optical activity. Three such runs are shown in 
Table II. 

In all three of the above cases, the drop in the value of [a], of 
cysteine indicates a small amount of oxidation, in spite of all pre- 
cautions. The values obtained in Run 2 are considerably below 
those usually obtained from cystine samples with values as high 
as —203°. Here electrolysis was continued unnecessarily long 


— 
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and the solution became very hot. This heating effect, prevented 
in other runs, evidently resulted in some racemization of the cys- 
tine. Lower optical activity of both the cysteine and the re- 
oxidized cystine recovered from it has been observed in other 
cases of electrolytic reduction. 


Relation between Optical Activities of Cystine and Cysteine. 


To establish the relationship between the specific rotation of a 
sample of cystine and that of the resulting cysteine a number of 
different reductions were made, both electrolytic and with tin. 
Where the size of sample permitted, the cysteine was reoxidized 
by bringing the solution to pH 7 and passing air through for some 
hours. The resulting cystine was thoroughly washed with dis- 
tilled water until the washings were free from inorganic electro- 
lytes, dried to constant weight, and its specifie rotation determined. 
A number of such determinations are shown in Table I. 

These results indicate quite clearly the relationship existing 
between the optical activities of these two compounds. The 
negative activities reported by most previous investigators are 
obviously the result of incomplete reduction or of slight reoxida- 
tion, of which very little is sufficient to swing the specific rotation 
to a negative value. Partial racemization, as in the electrolytic 
experiments, also tends in this direction. It seems justifiable to 
conclude, therefore, that the specific rotation of active cystine is 
close to the maximum value here recorded: + 9.7°. 

In the case of samples of lower activity, the specific rotation of 
the reoxidized cystine is markedly higher than that of the original 
sample, the lower the original value the greater the increase. The 
explanation lies in the different solubilities of racemic and of levo- 
cystine. According to Hoffman and Gortner (13) racemic and 
levo-cystines are soluble in 2059 and 5263 parts of water respec- 
tively. It is evident that the repeated washings necessary to 
remove electrolytes completely will also remove over 2.5 times as 
much dl- as /-eystine and leave a much more active residue. 

To test this, a 4.0 gm. sample of cystine of — 149° specific 
rotation was repeatedly washed with 20 cc. portions of distilled 
water. After 1 liter of water had been used the residue was dried 
and was found to have a specific rotation of —160.0°. Further 
washings, about half as much as before, brought its activity to 
—165.0°. The washings were evaporated to dryness under 
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reduced pressure at about 60°C. and the residue was dissolved in 
hydrochloric acid and reprecipitated. Its specific rotation was 
—120.0°. The fact that at rotations above — 200° there is little 
or no evidence of change on washing points to the interesting con- 
clusion that perhaps cystine samples of the maximum rotation 
now known may really be pure /-cystine and not a partially race- 
mized product. 

A further point of interest concerning the reduction of cystine 
is the exceedingly drastic conditions required to effect this reac- 
tion. Huge excesses of reagents or high voltages with excess 
current are needed to make the reduction complete. The remark- 
able results obtained by Dixon and Quastel (14) in studying the 
oxidation-reduction potentials of cystine-cysteine mixtures also 
indicate the lack of ordinary reversibility in this reaction. 


SUMMARY. 


Pure cysteine, prepared by complete reduction of /-cystine has a 
specific rotation of about +9.7°. Its specifie rotation varies from 
this value to 0° as the activity of the cystine used varies from 
about — 215° to 0°. 

Complete reduction of cystine is effected by the use of tin and 
hydrochloric acid and by electrolysis. The latter method produces 
a purer product but tends to cause some racemization unless the 
cell is carefully cooled. 

Solid samples of d-cysteine of different degrees of racemization 
were prepared. 
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PORK STUDIES. 


II THE INFLUENCE OF THE CHARACTER OF THE RATION UPON 
THE COMPOSITION OF THE BODY FAT OF HOGS. 
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The intimate relationship between the firmness of the body 
fat of hogs and the character and quantity of the ingested fat has 
been an important field of study during the course of investigations 
on soft pork.t Rations low in fat have produced firm body fats 
while those high in unsaturated oils have produced fats with the 
characteristics of the ingested fat. The evidence indicates that 
the animal body tends to deposit ingested fat in preference to 
synthesizing new fat when there is a surplus of food materials and 
the ingested fat is not needed for energy requirements. 

The hog is exceptionally well suited for the study of the general 
problem of fat formation because of the rapid rate at which the 
process proceeds and the noticeable effect of small differences in 
the supply of feed fat at the lower levels of intake. In addition, 
the supply of fat available for study is always sufficient to meet 
all needs. 

The refractive index, iodine number, and melting point deter- 
minations have been found of great value for the purpose of show- 
ing differences in the firmness of the fat in the general routine 


1 Work on the soft pork problem is being conducted jointly by State 
I:xperiment Stations and the United States Department of Agriculture. 
The data in this paper were obtained from animals fed by the following 
cooperating stations: Alabama, Arkansas, Georgia, Indiana, Kentucky, 
Mississippi, North Carolina, Oklahoma, South Carolina, Tennessee, 
Coastal Plains Experiment Station, Iberia Livestock Farm, and the U. 3. 
Farm, Beltsville, Md. 
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examination of fat samples from individual hogs. Lately, the 
first named test has been relied upon almost solely for the routine 
laboratory examination where a quick reliable test is essential. 
The primary purpose of this routine examination has been to 
measure differences in the fat for use in conjunction with the grad- 
ing of carcasses according to physical standards of firmness.2?. The 
differences in the body fat as shown by these tests suggested the 
need of further data on the physical and chemical properties of 
the fat. Therefore additional analyses including fat constants 
and fatty acid separations have been made on representative sam- 
ples for the purpose of tracing the effect of the feed on the body 
fat. 


Experimental Rations. 


The data given in this article relate to a number of feeds and 
feed combinations which have been used in soft pork experi- 
ments by the cooperating agencies and the results have been dis- 
cussed in a recent bulletin (1). The rations are as follows: 

1. Brewers’ rice with tankage. The basal feed in this case is 
very low in fat and produces a very hard lard, especially low in 
linolic acid. 

2. Corn with tankage or fish-meal. This is the common hog 
ration of the country. Corn contains sufficient oil to exert an 
influence on the body fat. However, well grown hogs have the 
desired firm fat. 

3. 2 parts corn-meal mixed with 1 part peanut meal. The latter 
feed is a by product of the oil milling industry. It usually con- 
tains from 6 to 10 per cent oil and in this particular combination 
with corn the quantity of oil (corn plus peanut) is sufficient to 
soften the body fat to an appreciable extent. 

4. Rice polish and tankage. This basal feed is also a by prod- 
uct used to a considerable extent in hog feeding. It contains 
sufficient oil to cause marked softening of the fat. 

5. Soy beans grazed plus a 2 to 2.5 per cent ration of shelled 
corn. This is a less softening ration than soy beans alone due to 
the lowered oil content. 


2 The chilled carcasses of all hogs in soft pork experiments are graded 
by an official committee into five grades; namely, hard, medium hard, 
medium soft, scft, and oily. 
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6. Peanuts grazed or self-fed in dry lot. Approximately one- 
third of the whole peanut is oil which more than supplies the bodily 
fat requirements of the pig. The carcasses of pigs fed on peanuts 
for 2 months or more are oily and blubbery. 

7. Soy beans grazed. The ripe soy bean contains considerably 
less oil than the peanut but the oil is more highly unsaturated. 
The adipose tissue of soy bean-fed hogs may become softer thar 
that of peanut-fed animals. 

8. Corn with tankage plus (a) peanut oil, (5) soy bean oil, 
(c) cottonseed oil, (7) corn oil. In one series comparison was made 
of these oils fed at the same level. The addition of a moderately 
high amount of corn oil to one lot produced oily carcasses. 

9. Peanuts followed by corn with protein supplement. This 
is the usual practice in attempts to harden hogs whose fat has 
become soft on peanuts. 

10. Soy beans followed by corn with protein supplement. This 
system of feeding parallels that just mentioned. However, 
experiments show that the softness developed by soy bean feeding 
is more easily overcome than that of peanut. 

These rations represent a wide range in fat content.’ Study of 
the body fats produced on them show considerable variation in 
relative firmness which is related to the amount and the degree 
of unsaturation of the fat in the feed. Peanut feeding results in 
the formation of fat which approaches the characteristics of pea- 
nut oil. On the other hand, the fat resulting from the feeding of 
brewers’ rice and tankage is essentially the product of synthesis 
from a non-fat ration. From the standpoint of the body fat, the 
variations in the relative firmness are chiefly associated with the 
changes in the linolic acid content. The occurrence of this acid 
in the adipose tissue can be more directly traced to the ingested 
fat than can any other fatty acid. This is true not only of the 
increase in unsaturation of the fat on a softening feed but to the 
decrease in unsaturation with subsequent feeding of corn, a hard- 
dening feed. 


3 The fat content of the feeds, together with iodine and refractive index 


values on the extracted oils, are given in Table IV. A more detailed table 
on the fatty acid composition of the oils is included in another paper (2). 
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Fat Samples. 


The samples of lard given special study were usually composites 
of back fat samples from three or more hogs of a particular experi- 
ment under identical feeding conditions. The experiments drawn 
on for samples were those showing results typical of the feeds in 
question and by no means include all the hogs which have been fed 
the rations listed. 

The back fat has been used for laboratory study because it is 
representative of the entire body fat of the hog and has proved to 
be more reliable as an index of firmness of the carcass than the 
leaf fat which has often been studied. The fact that it is 
representative of the entire adipose tissue is well illustrated in 


TABLE I. 
Comparison of ‘‘Meat,’’ Back, and Leaf Fats As Measured by the Refractive 
Index. 
No. of | Average Meat fat. | Back fat. | Leaf fat. 
Lot No. hogs weight Basic feed of hogs. 
sampled, | of hogs. Refractive index at 40°C. 
l 2 110 Brewers’ rice. 1.4583 | 1.4582 | 1.4576 
2 3 98 Corn. 1.4601 | 1.4602 | 1.4591 
3 7 180 “ 1.4590 | 1.4590 | 1.4583 
4 3 151 Peanuts. 1.4617 | 1.4618 | 1.4612 
5 3 201 is 1.4633 | 1.4631 | 1.4525 


Table I in which are compared the refractive index values 
on meat, back, and leaf fats. These data were obtained in the 
course of studies on the total composition of the animal body. 
The meat fat was rendered from a small portion of the meat 
fraction resulting from the separation of the entire dressed carcass 
into bone, skin, and meat fractions. It actually represented ap- 
presented approximately 90 per cent of the total fat of the body. 
The back fat was rendered from a cross section strip of adipose 
tissue taken along the middle of the back between the kidney and 
the shoulder. 


‘In the early investigations on soft pork in this country, much of the 
data reported on the composition of the fat was on the kidney or leaf fat. 
Since the leaf fat is usually considerably harder than the back fat, due 
allowance must be made for differences in standards of firmness in com- 
parison of results. 
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Examination of the results in Table I shows that the refractive 
index values of the meat and back fats are almost identical, lying 
within the experimental error. The range from hard fat (Lots 1 
and 3) to oily fat (Lot 5) causes no variation between the two. 
The leaf fat values lie considerably below those of the other 
samples. This difference between the leaf fat and the meat or 
back fat is not always a uniform one, as evidenced by the values 
in Table I. Frequently the differences are abnormal when judged 
by the agreement of back fat values with the committee grades. 


_ DISCUSSION OF RESULTS. 


The data reported in this paper embrace the results of the 
examination of 36 samples representing 196 hogs. The samples 
are grouped into classes according to the ten feeds or feed combina- 
tions already mentioned. ‘The methods of analysis of the Associa- 
tion of Official Agricultural Chemists (8) were followed in the de- 
termination of the saponification number, specific gravity (at 
100°C.), insoluble acids, iodine number (Wijs method), refractive 
index (at 40°C.), melting point, and titer test. The saturated 
acids were separated from the unsaturated acids by the well 
known lead salt-ether method. The unsaturated acids were 
usually further separated by the differential solubility of the bro- 
mides of the acids. The fraction yielding hexabromide and octa- 
bromide was separated from that containing the dibromide 
andtetrabromide. The acids in the former fraction were identified 
and weighed and then the percentages of oleic acid and linolic 
acid were calculated from iodine numbers. 

Only two samples yielded hexabromides (linolenic acid), while 
all samples in which bromides were prepared yielded an octabro- 
mide fraction. Arachidonic acid was identified in the octabro- 
mide. It occurred in small amounts ranging from 0.02 per cent 
to 0.21 per cent.® 

The results of the analyses are given in Tables II and III. 
Since increase in gain during experiment is usually accompanied 
by progressive hardening or softening, dependent upon the nature 
of the ration, the samples within a group are arranged according 


> A more complete discussion of the method followed for isolation and 
determination of the bromides is contained in another paper (2). 
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to gain. The seven groups in Table II cover an equal number of 
rations and are listed in order of increasing softness. In all of 
these groups, the hogs were started on experiment at weights of 
50 to 100 pounds and received the ration designated until 
slaughtered. 

Fig. 1 shows the influence of the feeds listed in Table II on the 
body fat as measured by the several values selected from the table. 
The increasing softness shown in the steady rise in the iodine and 
refractive index values is accompanied by a similar rise in the per 
cent of linolic acid. Oleic acid and the softness of the fat are not 
so directly related as is the case with the linolic acid. The high- 
est proportion of oleic acid was in the firm lard of the hogs fed 
brewers’ rice, whereas the next highest was in the soft “peanut 
lard,’’ while the lowest was from the ‘soy bean lard.” In the 
latter case there was almost as much linolie acid as oleic acid. 
The peanut lard shows a close approach to peanut oil in the con- 
tent of oleic and linolic acids. The soy bean lard, on the other 
hand, does not show such a close approach to the oil. However, 
the high degree of unsaturation of soy bean oil is reflected in the 
low oleic acid and high linolic acid content of the lards. Except 
in the case of soy bean feeding, the percentage of saturated acids 
declines with increase in softness. : 

The titer and melting point values are much less indicative of 
the change in softness of the fat than the refractive index and 
iodine number. The specific gravity, which is usually associated 
with the degree of unsaturation of the fat, shows a gradual rise 
with increasing softness. The saponification value varies within a 
small range; peanut oil and rice oil cause a slight lowering while 
soy bean does not have any effect. The percentages of insoluble 
acids indicate that the lards consist almost entirely of glycerides 
of the high molecular weight acids. 

Consideration of the results on the individual groups of samples 
show numerous noteworthy points of interest. The three samples 
in (:roup 1 given in Table IT illustrate the effect of a high carbo- 
hydrate and low fat ration; brewers’ rice, the basal feed, contains 
only 0.8 per cent fat (see Table IV). The ration of brewers’ rice 
with protein supplement produces the firmest carcasses and con- 
sequently the firmest fat obained thus far in the present investiga- 
tions. Sample | came from young pigs slaughtered at a weight 
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of 69 pounds. ‘The fat was only slightly softer than that of mature 
hogs on the same ration such as those of Samples 2 and 3. This 
result is different than that obtained on a basal feed of corn (4) 
where the fat of young pigs is soft. It is believed that the low 
amount of oil in the brewer’s rice prevented the development of 
softness in the pigs represented by Sample 1. 
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Tira. 1. This figure contains the averages of certain of the results listed 
in Table II. The abscisse are in the order of increasing softness of the 
groups as listed in Table II, while the scales for melting point, refractive 
index, iodine number, and percentage of oleic, linolic, and total saturated 
acids are arranged as ordinates. 


The iodine values of the brewers’ rice lards were the lowest 
obtained. Albert (5), Henriques and Hansen (6), Klein (7), 
Vinson (8), and Popowitsch (9) found iodine values comparable to 
these, ranging from 50 to 58 on the back fat of hogs fed rations 
made up of potatoes, barley, skim milk, meat meal, and other 
low fat feeds. Gibbs and Agecaoili (10) fed a ration containing 
coconut cake (copra) and obtained a minimum iodine number 
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of 32.5 on the leaf lard. Likewise, Konig and Schluckebier 
(11) in feeding coconut cake obtained an iodine number of 43.9 
on the back fat. The coconut fat (iodine number 8.5) was evi- 
dently responsible for the depression in the iodine value below that 
obtained on rations with a minimum of fat. It is therefore safe 
to conclude that the fat formed on a carbohydrate and protein 
ration is of a composition approximated by the samples of Group 
1, particularly Sample 3. 

Results of the separation of the saturated and unsaturated 
acids of the brewers’ rice group show that the per cent of saturated 
acids was almost identical to that in corn-fed hogs. The differ- 
ence in firmness of the fat as indicated by the iodine number and 
other values is accounted for by the lower percentage of linolie 
acid in the “brewer's rice” lard. The amount of this acid is the 


TABLE IV, 
Fat Composition of Feeds. 


Per cent fat. Iodine No. 
0.8 100.0 1.4645 
reas 9.7 100 0 1.4645 
Peanut meal (unshelled nuts)..... 9.0 93.7 1.4625 
107.4 1.4620 


lowest found. Calculations on the fat ingested indicate that all 
the linolic acid can be accounted for in this way although it does 
not follow that no new linolic acid was synthesized. However, the 
oleic acid as well as the saturated acids were evidently very largely 
supplied by synthesis from carbohydrate and protein. 

The slightly softer fat of the hogs fed corn and protein supple- 
ment is attributed to the effects of the corn oil as described in a 
previous paper (4). The presence of a higher per cent of linolic 
acid explains the rise in iodine number and refractive index. Sam- 
ple 4 was obtained from a lot of hogs slaughtered at an average 
weight of 98 pounds. It shows the moderate softness developed 
in hogs of such size on a ration of corn and protein supplement. 
Samples 5 to 8 are typical for well grown hogs and the analyses are 
considered typical for normal, firm, body fat. The iodine numbers 
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compare favorably with those given by Lewkowitsch (12) for 
back fat. The change in firmness from the soft fat of the 98 pound 
hogs to the firm fat of the hogs weighing over 200 pounds is repre- 
sentative of the normal course of progressive hardening. 

- One sample from a lot of hogs weighing 182 pounds, and fed a 
ration of 2 parts of corn-meal mixed with 1 part of peanut meal 
was analyzed. The composition is quite similar in degree of soft- 
ness to that of 98 pound hogs fed on corn and tankage. Ixten- 
sive study of results on the corn-meal and peanut meal ration has 
shown that hogs started on the ration at weights around 100 
pounds develop a maximum softness after making a moderate 
gain and then slowly harden, but at weights of 175 to 200 pounds 
(as Sample 9) are still no firmer than at the start of feeding, 
whereas hogs on a ration of corn and tankage become progres- 
sively harder and reach the desired degree of hardness at a weight 
of about 170 pounds. The failure to harden to the same extent 
as on a corn and tankage ration must be attributed to the small 
increase in the total oil of the mixture. The corn fed to these hogs 
contained 3.6 per cent oil, while the peanut meal contained 7.8 
per cent oil (average given in Table TI is 9.0 per cent) making the 
composition of the mixture 5 per cent. Thus the effect of small 
changes in the oil content at the lower levels as here indicated is 
decidedly noteworthy in changing the course of fat formation 
from a desired firm fat to an undesirable medium soft fat. 

The two samples which represent two lots of hogs fed rice polish 
and tankage are moderately soft lards. The rice polish which 
was fed contained in one case 12.4 per cent oil and in the other 12.3 
per cent.6 It will be noted that fat Sample 10 was softer than 
Sample 11. In the first case the hogs were slaughtered at an aver- 
age weight of 134 pounds and in the second case at 201 pounds. 
The development of a maximum softness followed by subsequent 
hardening on the same feed as evidenced in these results is anala- 
gous to the condition in the corn-meal-peanut meal ration. The 
higher oil content of the rice polish did not cause the formation 
of as soft a fat as might have been expected. As will be discussed 
later, rice oil does not appear to be as softening as corn or soy bean 
oils but is more like peanut oil. 


6 These quantities are decidedly higher than those given in Table IV. 
However, the average fat content of seven samples of rice polish used in 
soft pork experiments is 12.7 per cent. 
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Aside from the difference in the iodine and refractive index 
values, the chief difference in these two samples is the higher oleic 
acid and correspondingly lower saturated acids in Sample 10 as 
compared to Sample 11. The linolic acid, which usually furnishes 
a fairly accurate measure of relative firmness, was practically the 
same for the two samples. 

The next group in order of increasing softness of fat is repre- 
sented by one sample (No. 12) obtained from a lot of hogs which 
grazed on soy beans with a supplementary ration of corn amount- 
ing to 2.5 per cent of the weight of the animal, the equivalent of 
half a full feed. Such a ration contains approximately the same 
oil content as the rice polish and tankage combination. The 
results indicate that the soy bean oil is slightly more softening 
than rice oil. The fat constants and the fatty acid percentages 
lie about midway between those of soy beans alone and corn with 
supplement. 

The six samples in the peanut group were taken from hogs which 
either grazed peanuts in the field or had eaten the nuts from a self- 
feeder in a feed lot. The average gains of the group ranged from 
58 to 160 pounds, and with certain exceptions, the feeding period 
was 2 months. All samples came from oily carcasses. A charac- 
teristic feature of the lard was the tendency on standing in the 
refrigerator to separate into a clear light yellow oily layer and a 
precipitate of solid glycerides. The iodine number, refractive 
index, and percentages of fatty acids are all very similar to the 
values on peanut oil. There is little doubt but that the ingested 
peanut oil is deposited with but little change in the proportions of 
fatty acids. In fact, the ration of whole peanuts is the most 
effective feed of those studied in respect to similiarity of body fat 
to ingested fat. Analyses reported by Richardson and Farey (13) 
on oily lard show values which are similar yet not quite so high in 
degree of unsaturation as the present samples. 

The samples of lard in Group 7 from hogs grazed on soy beans are 
comparable in oiliness to the peanut samples. In fact, the iodine 
and refractive index values show that the fat of the former is more 
unsaturated than the latter. 

Although the quantity of oil in the soy bean is considerably lower 
(see Table IV) than in the peanut, soy bean oil is more highly un- 
saturated and thus causes a slightly greater softening of the body 
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fat. However the full effect of the soy bean oil was probably not 
attained, judging by the steady increase in softness along with 
gains, in any of the lots which are represented by fat samples. 
This difference from the condition prevailing in the peanut feed- 
ing was probably due to a combination of circumstances among 
which the relatively low gain, the oil content of the soy bean, and a 
possible difference in the utilization of the feed for growth and 
fattening were contributing factors. 

Sample 21 is the most unsaturated of the three lards in Group 
7. It has approximately equal quantities of oleic and linolic 
acids. <A total of 0.14 per cent linolenic acid was obtained from 
Sample 20 and no measureable amount from the other two. 

Soy bean oil is reported to contain 2.3 per cent of linolenic acid 
glyceride (14). Judging by the close parallel between the linolic 
acid in the feed and in the adipose fat, it is surprising to find 
the near absence of linolenic acid. The linolenic acid because of 
its high degree of unsaturation was evidently either metabolized 
or converted to a more saturated acid and then deposited. 

The first group in Table III is made up of a series of experiments 
in which oils were added to a basal ration of corn and tankage. 
Similar quantities of peanut, soy bean, cottonseed, and corn oils 
were added to the rations in the first four lots to determine if 
moderate amounts of oil would materially affect the composition 
of the fat and also to compare the softening effect of the various 
oils. The added oil made up 4 per cent and the naturally con- 
tained corn oil approximately 3 per cent of the total ration. 

With the exception of cottonseed oil, the addition of 4 per cent 
added oil caused a definite softening of the fat. On the basis of 
iodine and refractive index values, the greatest softening was 
obtained with corn oil (Sample 25), closely followed by soy bean 
oil (Sample 23), while the least effect was obtained with peanut 
oil (Sample 22). The latter sample had a composition similar to 
that of the corn-meal-peanut meal ration. The fatty acid con- 
tent of the three samples shows the effect of the particular oil 
especially the increases in the amount of linolic acid. The fat of 
the cottonseed oil lot was nearly as firm as that in pigs of similar 
weight fed on a ration of corn and tankage. There are, however, 
abnormalities in composition which suggest a peculiar behavior of 
the cottonseed oil in metabolism when fed in the amounts used 
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in this experiment. The iodine-number, refractive index, and 
melting point values do not show a comparable firmness. The 
iodine number is probably the most nearly correct value for the 
firmness of the fat. The melting point is excessively high. The 
oleic acid is considered abnormally low and the total saturated 
acids abnormally high. Cottonseed meal is sometimes used as a 
protein supplement to corn in hog rations. The meal usually 
contains in the neighborhood of 8 to 10 per cent fat. Hare (15) 
reported fats produced on a ration of corn-meal 2 parts and cotton- 
seed meal 1 part as firm as those obtained with a ration of corn 
and tankage. This result is in accord with the data reported 
here on cottonseed oil. Peanut meal in place of the cottonseed 
meal produces a moderately soft lard, a result which points to a 
wide difference in the effect of cottonseed oil and peanut oil at 
low levels of intake. : 

The last sample came from hogs which had received a ration 
containing 11.5 per cent of added corn oil. The total corn oil con- 
tent was over 14 per cent and was sufficient to produce oily car- 
casses. The data indicate that the ingested corn oil was not 
altered very materially for deposition in the adipose tissues. The 
fat constants and the percentages of fatty acids indicate a highly 
unsaturated fat. Here, as in the case of the soy bean feeding, a 
still more unsaturated body fat would possibly have resulted with 
greater length of the feeding or an increase in the quantity of 
added oil. 

The variation in the softening properties of the plant oils is 
a matter of considerable practical importance. The order of the 
oils as to softening properties appears to depend largely on the 
degree of unsaturation as measured by the iodine number (see 
Table IV). Soy bean and corn oils head the list while rice and 
peanut oils rank somewhat below these two. On the basis of the 
data reported here, cottonseed oil must be classed separately 
because of its peculiar behavior. The reason for this remains to 
be determined. Jackson (16) classified a large number of feeding 
stuffs as to the softening power of the oil contained in them. 
With the exception of cottonseed oil his arrangement agrees 
with the data reported in this article. 

The effect of feeding corn and tankage to hogs whose fat has 
become soft during a feeding period on peanuts is illustrated in 
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Group 9 in Table III. The pigs in Series A and B were fed 
peanuts for 8 weeks and were then changed to a ration of 
corn with protein supplement. At monthly intervals a certain 
number of animals were slaughtered for grading as well as for 
laboratory analysis of the fat. The samples in each series thus 
represent increasing length of feeding period along with increasing 
gain on the corn ration. In Series A the gain on peanuts averaged 
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Fig. 2. The curves in this figure show the changes in refractive index, 
iodine number, and percentages of fatty acids when corn with tankage is 
fed subsequent to both peanuts and soy beans. The composition of the 
fat at the beginning and at the close of the peanut or soy bean feeding 
period is shown along with that during the corn with tankage feeding. §, 


slightly over 70 pounds and the gain on the hardening ration 
increased from 59 to 211 pounds. In Series B the gain on the 
softening feed was approximately 50 pounds while that on the 
hardening feed reached 193 pounds in the final period. 

The changes occurring in the fat as shown by certain of the 
analyses are illustrated in Fig. 2. The composition at the start 
and at the close of peanut feeding as taken from data in Table II 
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is given along with the results during the corn feeding period. A 
pronounced change in the direction of greater saturation of the fat 
occurs with the progress of the second feeding period. The fat 
constants show a steady change toward a harder fat, but they by 
no means reach the level found in the lards of the corn with supple- 
ment ration discussed earlier in this article. 

Although there is a pronounced decline in the percentage of 
linolic acid, the oleic acid remains at a rather high level especially 
in Series B. In spite of the high gain on corn in the last lot of each 
group the carcasses are still only medium hard. The unsaturated 
fat deposited during the peanut feeding evidently has a prolonged 
and lasting effect on the composition of the lard even though a 
hardening ration is fed for a long period. The fat at any of the 
stages of these series appears to be simply a blend of the fat pro- 
duced during the several feeding periods. Since the fat formed on 
a corn and tankage ration is not an extremely hard fat, the great 
difficulty of hardening peanut-fed hogs is quite apparent. 

Corn and tankage following soy beans formed the feeding com- 
bination of the lots in the last group of Table III. The three 
samples do not form a regular series from the standpoint of increas- 
ing gains on the hardening feed; yet considering the ratio of gain 
on soy beans to that on corn, the results show the usual marked 
change in degree of saturation observed in the two previous groups. 
The decided drop in the percentage of linolic acid largely accounts 
for the increase in hardness due to the admixture of fat synthe- 
sized on the corn with tankage ration. 


SUMMARY. 


The physical and chemical properties as well as the percentages 
of total saturated acids and the various unsaturated acids were 
determined on lards obtained from hogs fed various rations. The 
oils contained in the rations have very materially influenced the 
composition of the body fat. The iodine and refractive index 
values were an excellent measure of firmness of the adipose tissue. 
Other fat constants showed less correlation. 

The percentages of saturated acids, oleic acid, and linolie acid 
of lard from peanut- and soy bean-fed hogs were similar to the 
content in peanut and soy bean oils. The linolic acid showed the 
most striking change, increasing from 1.9 per cent in the hard fat 
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from hogs fed brewers’ rice to 30.6 per cent in oily fat from hogs fed 
soy beans. 

Small amounts of arachidonic acid were found in lard samples 
representing all types of feeds. 

A decrease in the unsaturation of the fat results from a change 
in the ration from peanuts or soy beans, softening feeds, to corn 
and tankage, a ration which produces hard fat. However, after 
long periods on the latter ration, the body fat was still less satu- 
rated than that of hogs grown on corn and tankage. 

Corn and soy bean oils result in greater softening of the fat than 
peanut and rice oils. 
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III. THE EFFECT OF FOOD FAT UPON BODY FAT, AS SHOWN BY 
THE SEPARATION OF THE INDIVIDUAL FATTY ACIDS 
OF THE BODY FAT. 


By N. R. ELLIS anv H. S. ISBELL. 


(From the Nutrition Laboratory and Swine Office, Animal Husbandry 
Division, Bureau of Animal Industry, United States Department of 
Agriculture, Washington.) 


(Received for publication, May 7, 1926.) 


In a previous paper (1) the writers reported data on the effects 
of widely different rations on the composition of the body fat of 
the hog. The characteristic differences in the composition of the 
lard suggested the need of a more complete analysis on a few typi- 
cal samples. This study has been made on six samples including 
certain ones already briefly reported, as a further contribution to 
the information on fat formation in the hog. The types subjected 
for complete analysis were obtained from well matured and fat- 
tened hogs fed on rations (1) very low in fat, (2) moderately low 
in fat, and (3) high in fat. 

The feeds used to obtain the desired results were from different 
sources and were, respectively, (a) brewers’ rice and tankage, (6) 
corn and skim milk, (c) soy beans alone, and peanuts alone, both 
represented by two samples each. Where necessary, the rations 
were supplemented with minera! mixtures. In the case of the first 
two rations, the hogs were also allowed access to green feed. Table 
I gives the weights, gains, carcass grades, and other data on the 
six lots. The length of the feeding periods and the gains were all 
of sufficient duration and size to make the fat samples typical for 
the feed used. This is particularly true of Samples 1, 2, 4, and 6. 
Sample 3 is representative of the 2 months feeding period used in 
practice for grazing the peanut crop to be later followed by a hard- 
ening period on corn. Likewise Sample 5 is representative of the 
system of grazing soy beans. 
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TABLE I. 
Weights, Gains, and Carcass Grades of Hogs. 
Sample No. and basic feed, 

leo Corn. | Peanuts.) Peanuts. 
No. of howe in tot.......... 11 6 3 3 1 
Days on experiment........ S4 ISS SO 277 52 53 
Average weight at start of 

experiment, /bs..... 59 30 99 52 100 83 
Total gain on experiment, 

178 201 58 149 65 9S 
Slaughter weight, lbs....... 242 231 151 201 152 175 
Careass gfade.............. Hard. | Hard. | Oily. | Oily. | Oily. | Oily 

TABLE II. 
Chemical and Physical Characteristics of the Fat. 
Sample No, and basic feed. 

B Corn. Peanuts. | Peanuts. 
Saponification value .|195.3 {195.9 {194.2 {194.4 {195.3 {194.3 
52.6 $4.1 91.8 90.7 |100.6 
Refractive index, 

1.4582} 1.4587) 1.4619) 1.4633) 1.4628) 1.4636 

Melting point, °C....| 39.7 37.9 22.5 Liquid | 22.0 28.1 
at 5°. 

Acetyl value......... 3.8 4.1 12.1 16.3 7.6 

20 0.9 0.7 0.8 3.2 

Polenske No......... 3.7 5.2 0.3 0.5 0.6 

Reichert-Meissl No. 3.3 1.0 0.1 1.5 0.2 

Specific gravity, 

0.8942) 0.8957; 0.8979) 0.9007; 0.9000) 0.9003 
Unsaponifiable mat- 

ter, per cent....... 0.02 0.03 0.33 
Insoluble acids, per 

96.0 95.6 95.8 94.5 95.1 95.4 


Analyses were made on the meat fat of the corn-fed lot and the 
two peanut-fed lots and on the back fat of the remaining three lots. 
In addition to the fat constants determined in the previous study, 
the acetyl value, acid value, Polenske number, Reichert-Meissl 
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number, and per cent of unsaponifiable matter were determined. 
The chemical and physical characteristics of the fat are given in 
Table 

From 200 to 300 gm. of fat from each sample were separated by 
the lead salt-ether method into saturated and unsaturated frac- 
tions for use in determining the individual fatty acids. The per- 
centages of total saturated and total unsaturated acids were always 
checked by duplicate determinations using smaller quantities of 
fat, and, in certain cases, duplicate separations of large quantities 
were made for duplicate distillations of the saturated acid esters. 
In calculating the percentages of the fractions, corrections of the 
unsaturated acids contained in the saturated acids were always 
made. 


Procedure for Separation of the Unsaturated Acids. 


2 to 3 gm. of the liquid acids were weighed into a _ previously 
carefully dried and weighed test-tube and 20 cc. of a 10 per cent 
solution of glacial acetic acid in absolute ether added. The solu- 
tion was cooled in an ice bath, and, while stirring the solution, 
bromine was slowly added to a decided red tint. After standing 
overnight in the ice box, the precipitated bromides were separated 
by centrifugation, washed three times with 10 cc. portions of 
chilled ether, after which they were extracted three times with 
10, then 5and 5cce. portions of hot benzene. This benzene was then 
evaporated off and the residue reextracted with 3, then 2 and 2 ce. 
portions of hot benzene in order to recover any octabromide 
which may have dissolved in the first treatment with the larger 
volumes of benzene. After evaporating off the benzene, the bro- 
mide fractions were dried in a vacuum oven to constant weight, 
and melting points and per cents of bromine determined. 

The ether-soluble bromides were washed with a dilute solution 
of sodium thiosulfate followed by water to remove the excess 


1 The analytical procedures followed in the determination of the chem- 
ical and physical characteristics of the fat were the same as those used in 
previous work (1): namely, the Official and provisional methods of analysis, 
Assn. Off. Agric. Chem., Washington, 1920. 

2In the separation of the fatty acids, the technique described by 
Jamieson and Baughman (2) has been generally followed. The authors 
wish to express their thanks to Dr. G. 8. Jamieson of the Bureau of Chem- 
istry for helpful suggestions in technique. 
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bromine. After evaporation of the ether and acetic acid, the mix- 
ture of bromides was dried and weighed. They were then dis- 
solved in 25 cc. of petroleum ether and the solution allowed to 
stand in the ice box for a week. In case the tetrabromide failed 
to start crystallizing, the sides of the flask were scratched or part 
of the petroleum ether was evaporated and the solution seeded 
with a trace of tetrabromide crystals. 

The crystallized bromides were filtered in the cold, washed with 
chilled petroleum ether, dried, and weighed. ‘The melting points 
and per cent of bromine were then determined. The method used 
throughout this work for the determination of bromine was that of 
Drogin and Rosanoff (3). 

The bromide contents of the various fractions indicated a fairly 
clean cut separation in most cases. The bromine in the octabro- 
mide averaged 67.1 per cent and was interpreted as corresponding 
to a compound of the formula CooH 3202.Brg which has a bromine 
content of 67.76 per cent. The theoretical per cents of acid in 
the octabromide (32.24), the hexabromide (37.67), and the tetra- 
bromide (46.67) were used in calculating the respective acids. 
The soluble residue usually contained appreciable quantities of 
tetrabromide along with the dibromide so the proportionate 
amounts of the linolic and oleic acids were calculated, using 63.82 
per cent as the per cent of oleic acid in a pure dibromide. 

The percentages of each acid were further checked by calcula- 
tions from the iodine numbers of the fat and the total unsaturated 
acids. In previous work, only the octa- and hexabromides were 
isolated leaving the oleic and linolic acids to be calculated from 
iodine numbers. 


Procedure for the Separation of the Saturated Acids. 


The saturated acids were separated by the vacuum distilla- 
tion of their methyl esters according to the following procedure. 

The acids were dissolved in twice their weight of purified methyl 
alcohol. The solution was kept warm on the steam bath and a 
current of washed and dried hydrochloric acid gas was bubbled 
through the mixture for 12 hours. After washing the esters with 
water followed by a dilute solution of sodium bicarbonate, about 
75 gm. were filtered (to remove traces of water) into a distilling 
flask. The esters were then subjected to fractional distillation at 
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a pressure of lto 2mm. The fractions were cut at points where 
abrupt rises in temperature occurred or where convenient volumes 
of distillate were obtained. After weighing the fractions, iodine 
and saponification values were determined. Wherever the saponi- 
fication value indicated a possibility of three saturated acids occur- 
ring in a single fraction a further separation was made to insure 
having not more than two saturated acids toa fraction. The mean 
molecular weights were calculated and from these values and the 
iodine numbers the per cent of each saturated acid was determined. 

The acids were also further identified by fractional crystalliza- 
tions from alcohol and the determination of the melting point. 
Although the errors in the determinations may sometimes be large, 
the duplicate runs checked very satisfactorily. One great chance 
of error lies in the possibility of having three saturated acids in 
one fraction. This possibility was tested by making duplicate 
_ distillations on one of the samples in which the distillate in one 
case was cut into ten fractions and in the other into three fractions. 
It was thought that the former procedure would eliminate the 
chances of three acids occurring together and the latter procedure 
would favor such a possibility. However, the results of the two 
distillations checked surprisingly well. All other samples were 
separated into six to eight fractions. 

The general differences in the characteristics of the various fats 
shown in Table II are further illustrated by the titer, refractive 
index of insoluble acids, and per cents of saturated and unsaturated 
acids given in Table III. While not all of these characteristics 
show variations for the different types of lard, they do indicate the 
ranges likely to be encountered in lards produced on the rations 
outlined. 

It will be noted in Table III that oleic, linolic, linolenic, arachi- 
donic, myristic, palmitic, stearic, and arachidic acids were iso- 
lated. The occurrence of oleic, linolic, palmitic, and stearic 
acids has been commonly accepted but the presence of the other 
acids has either not been noted or has been questioned. 

The linolenic acid was found in lards from hogs fed soy beans. 
In the case of Sample 5, there was a loss when isolating the bro- 
mide so that the amount actually recovered was little more than a 
trace; the 0.5 per cent found in Sample 6 was easily identified by 
melting point and bromine content. The acid yielding an octa- 
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bromide and thought to be arachidonic acid occurred in all samples 


in small amounts. 


Arachidie acid was identified in the two samples from peanut 


Characteristics and Percentage Composition of the Fatty Acids. 


TABLE III. 


Sample No. and basic feed. 


l ‘ 5 6 

41.4 39.1 30.7 24.5 34.2 32.2 
Refractive index of in- 

soluble acids, 40°C. ...| 1.4420) 1.4424) 1.4452) 1.4465) 1.4472 
Unsaturated acids, per 

cent of fat (corrected) .|57.0 58.8 73.0 79.6 69.2 72.3 
Saturated acids, per cent 

of fat (corrected)..... 38.6 36.9 22.6 14.9 26.3 20.8 
Iodine No. of unsatu- | 

92.0 |100.8 113.7 111.5 130.6 136.2 
Iodine No. of saturated 

acids as separated....| 4.8 5.3 13.4 12.4 4.8 11.2 
Acids in fat: per cent per cent per cent per cent per cent |per cent 

30.9 92.0 34.3 61.7 38.7 36.1 

6.7 18.6 18.8 30.5 35.6 

EE 0.0 0.0 0.0 0.0 0.2 0.5 

Aracniaonic .......... 0.02 0.06 0.12 0.05 0.08 0.05 

25.2 24.1 14.8 9.9 16.6 13.1 

11.6 53.3 4.7 9.0 7.40 

0.0 0.0 0.2 0.3 0.0 0.0 
Glycerides in fat: 

58.4 54.3 56.7 64.6 40 4 39.8 

0.0 0.0 0.0 0.0 0.5 

Arachidonic ......... 0.06 | 0.12 0.05 | 0.08 | 0.05 

| 1.8 0.7 0.4 0.1 0.8 0.3 

26.5 25.2 15.5 10.4 17.4 14.5 

12.2 12.8 7.8 4.9 9.4 8.0 

Avathidie............ 0.0 | 0.0 0.2 0.3 0.0 0.0 


feeding. The melting point of pure arachidic acid is reported as 
77°C, but repeated crystallization of the fractions failed to raise 


the melting point to this figure. 


However, a mixed melting point 
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with an impure arachidie acid obtained for the purpose was 73.6 
indicating the presence of the acid in the lard. It is probable that 
there was lignoceric acid mixed with the arachidie acid although 
none could be separated by fractional crystallization from alcohol. 

Although the occurrence of myristic acid has been questioned by 
Amberger and Wiesehahn (4) it was satisfactorily identified in all 
the six samples. Its presence was proved by mixed melting point 
determinations in which mixtures containing myristic acid melted 
at 45-46°C. This is lower than for any mixture of palmitic and 
stearic acids and higher than for any mixture of lauric and myristic 
acids. lLauric acid was not found although its presence in lard 
has been reported by Lewkowitsch (5) and others. It may, of 
course, occur when the feed contains the acid. 

In comparing the fatty acid composition of the various samples, 
that of Sample | is particularly noteworthy since it is largely the 
product of synthesis from carbohydrate. The hogs had access to 
brewers’ rice and tankage in separate compartments of a self-feeder 
and ate only 4 pounds of tankage to 333 pounds of rice for each 100 
pounds of gain. The result was a low protein intake with a sur- 
plus of carbohydrate for fat synthesis. The small amount of oil 
‘ ingested may have supplied some linolic and oleic acid to the adi- 
pose tissue but the fatty acids are almost entirely the result of 
synthesis. Oleic acid predominates and occurs in an amount com- 
parable to that in corn and in peanut-fed hogs. The low amount 
of linolic acid and absence of linolenic acid accounts for the hard- 
ness of the lard. Myristic acid was present in greater amounts 
than in any other sample while palmitic and stearic acids occurred 
in amounts comparable to that in the second sample. 

The course of fattening in corn-fed hogs which has already 
been reported (6) needs little further mention. The increase in 
linolic acid, probably derived from corn oil, was evidently responsi- 
ble for the slightly softer fat over that of rice-fed hogs. 

The close resemblance in the composition of lards from peanut- 
and soybean-fed hogs to the respective plant oils was mentioned in 
a previous paper (1). With more complete data available, a better 
comparison between the plant oils and the lards is now possible. 
The data compiled in Table IV show the composition of peanut, 
soy bean, and also corn oils. The small differences in the peanut 
oils derived from the Virginia variety as compared to the Spanish 
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variety of peanuts are unlikely to be reflected in the lards to any 
appreciable extent since the supply of ingested peanut oil from the 
feeding of whole peanuts is greatly in excess of body demands for 
storage. Virginia peanuts were fed the pigs of Lot 3 for 80 days 
while Spanish peanuts were fed Lot 4 for 277 days. In addition, 
due to the lighter starting weight, the latter lot derived a much 


greater proportion of the total adipose fat from peanuts than the 


TABLE IV. 
Composition of Plant Oils. 


Peanut oil. Soy bean iene 

Virginia. Spanish. 
Saponification value............... 187.8 182.2 189.5 187.3 
9.5 8.7 17.0 10.0 
Refractive index, 40°C.§.......... 1.4625) 1.4625) 1.4660) 1.4642 
Unsaturated acids, per cent........ 78.7 74.6 83.5 82.5 
Saturated 16.4 20.6 11.5 11.2 
60.6 52.9 33.4 45.4 
21.6 24.7 51.6 40.9 
2.3 
3.3 4.0 ? ? 
2.6 3.1 ? 


*See bibliography (7). 

tSee bibliography (8). 

tSee bibliography (9). 

§The refractive index for peanut oil is taken from Table IV in the 
preceding article (1). The values on the other oils were calculated to 
40°C. from values quoted in the original reference at 20°C. 


Lot 3 pigs. It is thought that this is the explanation of the higher 
percentage of oleic acid and the lower percentage of saturated 
acids in Sample 4 over that in Sample 3. Compared to the com- 
position of the oil of the Spanish variety of peanuts, the lard 
(Sample 4) shows a higher percentage of the oleic acid glyceride, a 
lower percentage of linolic acid glyceride, and a slightly wider ratio 
of palmitic to stearic acid glyceride. The most significant differ- 
ence noted in the peanut lards is the low amount of arachidic acid 
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present, especially when the supply of arachidic acid plus lignoceric 
acid in the oil was greater than that of stearic acid. These high 
melting point saturated acids evidently failed to be absorbed or 
were changed to other acids in the animal body. The small 
amounts of myristic acid were evidently products of synthesis or 
of transformation from other fatty acids in the peanut lards as 
well as in the other samples since none are reported in any of the 
oils. The full amounts of all the other fatty acids can be ac- 
counted for in the ingested peanut oil. 

The composition of the lard in soy bean feeding is also largely 
controlled by the composition of soy bean oil. The most apparent 
difference between the lard and the oil seems to lie in the lower 
proportion of linolic acid in the lard. The samples actually show 
a much higher per cent of glycerides of the saturated acids and 
only a few per cent more oleic acid glyceride than the oil. Sam- 
ple 5 is little different from peanut lard in degree of unsaturation 
but Sample 6 shows the effect of the increase in linolic acid and may 
be classed as a more oily lard than is obtained in peanut feeding. 

Although 2.3 per cent linolenic glyceride is reported in soy bean 
oil, only 0.5 per cent was recovered in the lard of Sample 6. There 
is little doubt but that this acid is readily absorbed by the intesti- 
nal tract but since it is also easily oxidized, the low amount found 
may be due to different reasons than in the case of arachidie acid 
with its high melting point. 

The proportions between the various saturated acids are much 
more constant for the six samples than between the unsaturated 
acids. Indeed, it appears significant that the proportion of pal- 
mitic acid to stearic acid was approximately the ratio of 2:1 for 
all samples. Even in the case of the peanut and soy bean lards 
there was some selective action in favor of palmitic acid, while 
with the low fat rations, the ratio was very evidently controlled 
by the synthetic powers of the body. 

The high amount of oleic acid in all samples, not only in Samples 
1 and 2 where it had to be synthesized but in the others as well, 
indicates that it ranks ahead of palmitic and stearic acids as a 
normal constituent of lard. 

The rise in the linolic acid from 1.2 per cent to 18.8 per cent in 
Samples 1 to 4 furnished a close measure of increasing softness of 
these samples. However, in the case of Samples 5 and 6 the 
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decided increase in the linolic acid content is partly offset by the 
decrease in oleic acid. 


SUMMARY. 


A complete separation of the fatty acids was made on six samples 
of fat obtained from as many lots of hogs fed rations varying in 
fat content. 

The fatty acids occurring in all samples were oleic, linolic, arachi- 
donic, myristic, palmitic, and stearic. Palmitic acid and stearic 
acid occurred in a ratio of 2:1. 

The feeding of soy beans caused the deposition of small quanti- 
ties of linolenic acid, while the feeding of peanuts led to the deposi- 
tion of arachidic acid. The oils of these two feeds have a 
pronounced effect on the composition of the lard. <A greater 
likeness was noted between peanut oil and ‘‘peanut lard’”’ than 
between soy bean oil and ‘‘soy bean lard.”’ 

The fat formed on a ration of brewers’ rice and tankage which 
contained less than 1 per cent fat was very hard. The glycerides 
of oleic, palmitic, and stearic acids composed over 97 per cent of 
the fat. 
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Narcotic agents usually have a tendency to reduce the total 
metabolism for the period in which sleep is present. This is to 
be expected on account of the diminished muscular tone caused 
by their administration, although the reverse may be expected 
in the stage of excitement produced by some narcotics. Mor- 
phine, for example, has been shown by Chanutin and Lusk (1) 
to cause either a slight depression in metabolism or an increased 
heat production amounting to about 10 per cent, depending on 
whether its administration is followed by a depressant action or an 
increased excitability. Cattell (2) has found that in cats the 
administration of large doses of morphine causes only a slight and 
temporary decrease in metabolism. 

Aub, Bright, and Uridil (3) investigated the metabolism of 
urethanized cats and found that it was practically identical with 
that of the same animals without an anesthetic, although the 
body temperature of the former averaged 2° below that of the 
normal controls. These authors conclude that urethane anes- 
thesia results in a 15 per cent increase in the basal metabolism 
provided the narcotized animals are at the same temperature as 

* A preliminary report of some of this work has been published in the 


Proc. Soc. Exp. Biol. and Med., 1925, xxii, 424. 
t National Research Council Fellow in Medicine (1924-26). 
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the normals. Paraldehyde and decerebration caused a’ somewhat 
greater increase in heat production than did urethane. 

In many experimental procedures in which an anesthetic is 
necessary and in which it is desired at the same time to record 
the effect of certain procedures on the metabolic rate, a hypnotic 
which has no influence on the heat production would be of great 
value. Such a narcotic would find application in the study of 
the effect of operative procedure on basal metabolism, or as we 
have used it in some experiments soon to be reported 7n extenso, 
as a method to prevent the restlessness and convulsions caused 
by the hypoglycemia after the injection of insulin. We have 
carried out a series of tests to determine the effect of amytal on 
basal metabolism and have found that this hypnotic is especially 
suitable for this purpose, both on account of the slight disturbance 
in physiological functions after its administration and because of 
its prolonged narcotic effect. 

Amytal, chemically isoamylethylbarbituric acid, was introduced 
by Page (4) as an anesthetie which is without effect on the blood 
sugar level of dogs or rabbits when introduced orally or subcu- 
taneously, although injections of insulin into such narcotized 
animals induce hypoglycemia, unaccompanied by convulsions. 
Hepburn, Latchford, McCormick, and Macleod (5) have found 
normal or slightly subnormal values for blood sugar after amytal 
administration, while Britton (6), Markowitz (7), and Collens 
(8) have also confirmed this observation. 

However, Weiss (9) has recently reported that amytal anesthesia 
in cats induces an increase in the blood sugar level of 100 to 250 
per cent above the fasting value and in dogs one of 80 to 150 per 
cent. In his experiments this investigator states that the maxi- 
mum values of blood sugar are obtained 1 to 2 hours after the 
injection of amytal and that the hyperglycemia may persist from 
6 to 20 hours. Hines, Boyd, and Leese (10) have also reported 
that certain phases of carbohydrate metabolism are disturbed in 
amytal anesthesia. 

I¢dwards and Page (11) showed that this anesthetic is without 
effect on the circulatory mechanism, a well sustained blood pres- 
sure with little change in heart rate and no alteration in dynamic 
capacity of the heart being noted. Drabkin and Edwards (12) 
found this hypnotic without effect on the blood concentration. 
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Methods. 


A study of the effect of amytal on the basal metabolism of four 
normal fasting dogs has been carried out, using the respiration 
calorimeter in the Cornell University Medical College for that 
purpose. The determinations were usually continued for 7 hours 
after the intraperitoneal injection of amytal, administered as the 
soluble sodium salt in doses of 55 to 78 mg. per kilo of body weight. 


Care must be taken in the preparation of this solution to prevent an 
excess of alkali. If this occurs, not only does its injection cause a great 
deal of discomfort in the animal, but the solution likewise deteriorates 
rapidly, losing its anesthetic power within a short interval. If this excess 
of alkali is avoided there is no appreciable change in anesthetizing power of 
solutions kept over periods of 3 to 4 weeks and its injection causes no pain 
in the animal. 


In most cases 50 to 60 mg. of amytal per kilo of body weight are 
sufficient to keep the animal under a rather deep narcosis for 6 to 
8 hours or longer. With larger doses up to 78 mg. the effect is 
more pronounced and usually lasts for a longer period of time. 
In several cases when greater amounts than 78 mg. per kilo were 
given fatal results ensued. 

Blood sugar was determined by the Shaffer-Hartmann procedure. 
Urinary nitrogen was determined by the Kjeldahl technique. 


EXPERIMENTAL DATA. 


Effect of Amytal on Blood Sugar.—-In view of the recent report 
of Weiss (9) in which he states, in contradiction to the earlier work, 
that amytal anesthesia may be followed in the dog by the pro- 
duction of an intense hyperglycemia, we have included here our 
control experiments on the effect of this drug on blood sugar as 
well as some obtained by one of us in other experiments (13). 
In Table I is shown the blood sugar in twenty-three experiments 
on sixteen different dogs before and after the injection of amytal. 

After the injection of amytal in doses varying from 50 to 
75 mg. per kilo in normal fasting dogs no appreciable rise or 
alteration in the blood sugar level was noted in a single instance, 
the values obtained after the administration of this substance 
being constantly normal. The highest post-amytal blood sugar 
occurred with Dog 160 in which a value of only 0.107 per cent was 
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obtained, compared with a value of 0.101 per cent before the 
amytal. In the total of forty-eight separate analyses made on the 
blood of various animals in twenty-three experiments at different 
intervals following amytal administration we never observed a 
value suggestive of a hyperglycemia. 


TABLE I. 
Effect . Amytal on the Blood Sugar of Normal Dogs. 


Blood sugar. 
Before | 

2 | After amytal. 

30 | 7.64, 55 | 7 (0.102) (0.094 0.0810.080, 0.082 
160 | 8.80 55 4 0.092.0.101)0.107 0.095 0.098 
161 10.50, 55 (0.0830.0810.088 0.075 
162 9.10 55 | 12 0.0900.088 102.0.0930.095, 0.097 
163 | 13.70) 55 | 7 0.085 0.091 0. 086 0.085.0.093 0.097 
30| 8.901 65 | 8 ‘0.0821 | | 0.084} 
30 | 9.24 65 7 | | | 0.07210.075)0.073 
30 | 9.20) 65 | 7 0.095 | | 0).095 
35 | 8.83) 55 | 9 | | 0.082 0.082 
34 | 12.20} 70 | 5 | 0.070 0.065 0.066 
163 | 16.70) 65 | 10 0.089.0.087 ().092 
162 | 8.80) 50 | | 0.095 0.091 0.087 
54 | 16.78, 65 | 11 0.080. | | | 0.075 
30 | 9.06 65 | 6 0.096. | | | 0.084 
30| 8.77) 75 | 5 0.101 | | | | 0.104 
59 | 16.20) 65 0.076 | | | | 0.078 
29 | 8.20) 60 | 10 0.107 | | | | 0.106 
101 | 8.10) 50 
102 | 9.70, 60 | 0.078 | | 
103 | 12.00, 50 | 0.080, | | 
104 | 11.60) 50 | 0.072 | | 
105 | 9.00) 50 | 4 
106 | 10.10) 55 | 


We are at a loss to explain the difference between our results 
and those of Weiss regarding the time required for narcosis to 
ensue after the intraperitoneal injection of amytal. He states 
that 30 to 70 minutes are required for cats to become completely 
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anesthetized after its administration. ‘The average time necessary 
for complete analgesia in fifteen experiments recorded in Table I, 
in which 55 to 78 mg. of amytal per kilo of body weight were given, 
is 7.7 minutes, the maximum being 12 and the minimum time 4 
minutes. In five other experiments not recorded in this table the 
average time required for narcosis in the dog varied from 5 to 11 
minutes, with a mean value of 6.4 minutes. These periods are 
likewise within the range of many unrecorded observations made 
in this laboratory. In only rare instances have longer periods 
been required for the development of narcosis, in which cases it 
could usually be traced to deterioration of the amytal solution 
or to the subcutaneous rather than to the intraperitoneal adminis- 
tration of the drug. It is conceivable that high blood sugars might 
be caused if the animal struggled for a long period before it finally 
succumbed to the effect of the anesthetic, but such results have 
not been observed by us. 


Effect of Amytal on Metabolism. 


1. Heat Production.——Experiments were carried out to determine 
the heat production of normal dogs for periods as long as 7 hours 
after the intraperitoneal injection of amytal in order that compari- 
sons might be made with the basal values obtained from them. 
During the experimental period the animals were usually in fairly 
deep narcosis and were absolutely quiet unless the dose was in- 
sufficient to prevent shivering. 

Table II shows a typical experiment on, the effect of 65 mg. of 
amytal per kilo of body weight in the metabolism of Dog 33. 

When amytal was given to Dog 33 there was practically no 
change in metabolism from the basal value during a 5 hour period 
in which the observation was made. ‘The average heat production 
obtained amounted to 26.63 calories per hour compared with 27.40 
calories hourly when it was unanesthetized, a reduction of 3 per 
cent. Although there is not a very close agreement between direct 
and indirect heat in the individual hours—due, no doubt, to large 
corrections for changes in body heat—, the average result found for 
calculated (indirect), of 26.63 calories, is only 3 per cent from that 
found (direct), which amounted to 25.78 calories. 

Similar results have been obtained in experiments on other 
animals. In some cases there is a slight decrease in metabolism 
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with lower body temperature, but as a rule the heat production 
remains fairly constant at a level from 3 to 10 per cent below the 
basal level for 6 hours after amytal, provided that shivering does 
not occur. 

The average results of our experiments in which no shivering 
occurred are summarized in Table III. Protocols accompanying 
this paper give the detailed data for these experiments. 


TABLE IL. 
Metabolism of Dog 33 before and after the Administration of Amytal. 


Body weight, 16.0 kilos. 


Total 
calories. = 
= 2 
— Nature of experiment. | CO, | O2 | R.Q. 3 E 
gm. | gm. gm 
38. 86* 
2.07 p.m. | Basal. 9.06) 8.18) 0.81.0.152)27.25 39.17 
— 9.03) 8.30) 0.79.0. 152)27.55 38.84 
9.04) 8.24) 0.800.152 27.40 
37 . 35* 
11.35 a.m. | 65 mg. amytal per | 9.05) 7.81) 0.84:0.152/26. 26 25. 54/36.93 
12.35 p.m. kilo intraperi- 9.46) 8.04) 25.4936. 65 
“ toneally at 9.37 | 9.48) 8.02) 0.860.152 27.09 23.49/36. 27 
* a.m. 9.59) 7.57) 0.92.0. 152)25.95 27.91/36. 25 
3.35 “ 9.64) 7.85, 0.890.152:26.73 26. 49'36.14 


* Body temperature at beginning of hour; other values at the end of the 
hour. 


Amytal exerted practically no effect on the metabolism of Dog 
28 when it was injected intraperitoneally in doses of 55, 60, and 
65 mg. per kilo, although a deep narcosis occurred. A some- 
what greater decrease in metabolism resulted with Dog 29 in one 
experiment (see Table V), while with Dog 30 the maximum lower- 
ing of metabolism was 13 per cent. Most of the results showed a 
decrease of less than 10 per cent below the basal level with this 
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animal. With Dog 33 there was less than a 4 per cent decrease in 
metabolism in one test after amytal. 

In practically all the experiments the heat production after 
amytal remained quite constant for the duration of the experiment 
at the level approximately that of the basal level or slightly below, 


TABLE III. 
Effect of Amytal on Basal Metabolism. Summary Table. 


Calories. 
Length 

Date. Nature of experiment. pon Total Per 

ment. per hr. hon Ang’ 
1925 kg Ars. 

28 | Feb. 10, 17.50 | Basal. 3 22.79 | 32.82 
“ 17) 16.84 | 55 mg. amytal per kilo. 5 22.06 | 32.60 
* 4 22.12 | 32.34 
“ 27 16.78 |65 “ 6 21.93 | 32.49 
29 | Mar.12; 8.20 | Basal. 2 14.44 | 34.48 
* 8.20 | 60 mg. amytal per kilo. 13.221) 31.56 
30 | Feb. 28) 8.87 | Basal.t 2 13.48 | 30.64 
Mar. 10) 9.06 | 65 mg. amytal per kilo. 2 12.15 | 27.14 
Apr. 11} 8.67 | Basal.t | 13.05 | 30.02 
13) 8.62 | 65 mg. 11.87 | 27.41 
33 ** 20) 16.00 | Basal. 2 27.40 | 41.90 
22) 16.20 | 65 mg. amytal per kilo. 5 26.63 | 40.38 


* Surface area calculated by Meeh’s formula, 8 = 10.3W(Body wt.)? 

+ For details see Table VI. 

{4 additional hours in which there was slight movement with a con- 
sequent increase in caloric output of less than 1 calorie are not included but 
confirm the value of the basal metabolism listed. 


provided shivering did not. occur. Respiratory quotients after 
amytal are in the normal range and do not indicate an acidosis 
with a consequent “blowing off”? of COs. 

The dog does not acquire an increased tolerance for amytal, 
for the same dose always produces the same effect. In the case 
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of Dog 30 amytal was injected on twenty different occasions in doses 
varying from 55 to 78 mg. per kilo during a period of approxi- 


mately 10 months, always causing the same comme of narcosis, 


over corresponding lengths of time. 

If we consider the effect of amytal on the heat production with 
the body temperature at the normal level instead of the subnormal 
value usually obtained after its administration, it might be argued 
that amytal causes no decrease but possibly a slight increase in 
metabolism. However, during the Ist hour after amytal ad- 
ministration in which the body temperature of the animal approxi- 


TABLE V. 
Metabolism of Dog 29 before and after Amytal. 
gm. | gm. gm. a 
38.91* 
3.28 p.m. | Basal. 4.71/4.19}0.82/0.061/14.02/38.81 
4.28 “ 86/38 .77 
38 .40* 
12.40 “ 60 mg. amytal per kilo at 22/37. 26 
1.40 “ 10.48 a.m. 
2.40 30\36. 11 
3.40 “ 9.48)/35.77 
4.40 “ Shivering. 50/36. 94 


* Body temperature at beginning of hour; other values at the end of the 
hour. 


mates the normal value, there is likewise no elevation of metabo- 
lism above the normal basal level, but it is usually somewhat lower. 
This is exemplified by the experiments on Dog 29 in Table IV, as 
well as in the experiments given in the protocols. 

In only one experiment in the four animals used have we found a 
steadily increasing retardation in metabolism with the fall in body 
temperature when doses of amytal sufficient to prevent shivering 
were administered. In this case, after 5 hours, the decrease of the 
metabolism was followed by a compensatory period of shivering. 
This experiment is given in Table V. 
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Here the metabolism gradually fell from a basal of 14.44 calo- 
ries to 9.48 calories the 5th hour after amytal, a maximum decrease 
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Cuart 1. The effect of amytal on the rectal temperature and metabolism 
of Dog 30 with and without shivering. Experiment 3, 65 mg. of 
amytal per kilo; - — — — Experiment 5, 75 mg. of amytal per kilo. 


of 35 per cent below the basal level. The difference in reaction to 
amytal of this dog from that of three other animals studied is 
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best explained on the basis of individual variation, since as great 
a decline in body temperature was found in Dog 30 (Protocol 1) 
with no marked change in heat production. 

2. Body Temperature——In common with ether and other nar- 
cotics, amytal exerts an influence on the heat-regulating mech- 
anism, which results in a prompt and rapid fall in body tempera- 
ture lasting from 1 to3 hours. After this period in which the rapid 
fall has occurred it may continue to drop slowly for several hours, 
when a deep anesthesia is present. or it may remain practically 
constant at a subnormal value of 2-3°. When the animais are 
less deeply anesthetized shivering of considerable intensity may 
result, which causes a marxedly increased metabolism with a con- 
sequent return of body temperature to normal. 

Typical curves of the body temperature are plotted in Chart 1. 
Rectal temperatures were taken at 4 minute intervals by the use 
of calibrated electrical resistance thermometers, the records 
beginning shortly after the narcosis ensued. 

Experiments 3 and 5 on Dog 30 are typical for this animal and 
others in illustrating the behavior of the body temperature with 
and without shivering. In Experiment 3 shivering commenced 
3 hours after amytal administration and resulted in a large increase 
in metabolism and a more rapid rise in body temperature than the 
fall had been after the dose of amytal. When the normal body 
temperature was reached, shivering became less pronounced and 
the metabolism fell. These results show a close correspondence 
with those of Barr, Cecil, and Du Bois (14), who found that the 
chills in patients having malarial fever resulted in a greatly in- 
creased metabolism, with a consequent rapid rise in body 
temperature. 

In Experiment 5 a larger dose of amytal was used which was 
sufficient to prevent the onset of the shivering reflex until the 7th 
hour after its administration, and for 3 hours after the constant 
subnormal value was reached, during which period the metabolism 
remained approximately constant. Although it is generally con- 
ceded that there is another form of chemical regulation than 
shivering, which may serve in man to maintain the body tem- 
perature at a constant value by increasing the metabolism, in 
none of the experiments which we have carried out with amytal 
has an increased metabolism with a consequent rise in body tem- 
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perature been noted in the absence of pronounced shivering. Such 
results are in accord with the views of Morgulis (15), who postu- 
lates that there is no special mechanism of chemical regulation 
other than shivering. Our experimental data would indicate 
that under narcosis, at least, such isthe case. It is very interesting 
that a difference in dose between 65 mg. per kilo used in Experi- 
ment 3 and 75 mg. per kilo used in Experiment 5 is sufficient to 
prevent the onset of shivering for at least 3 hours. 


TABLE VI. 
Metabolism of Dog 30 after Amytal When Accompanied by Shivering. 


Calories. 
Nature of experiment. al 
gm. | gm. gm. “C. 
38. 32* 


11.57 a.m.f | 65 mg. amytal per |4.56/3.60/0.92)/0.109)12.27|11.34|37.47 
kilo at 10.07 a.m. 


12.57 p.m. Quiet. 4.48)3.53/0.92/0. 109) 12.03/14.02/37 .06 
Shivering. 5. 29/4. 30/0. 90/0. 109/14. 60)15. 62/36. 97 
7.01/5.71)0.89)0. 109) 19. 44/20. 59/37. 66 
10919. 31/22.02/38. 44 
4.57 “ 6. 22/4.82/0.94'0. 55 


* Body temperature at beginning of hour. 
t For basal see Table III. 


Effect of Shivering on Metabolism. 


When shivering occurred during amytal anesthesia there was 
in many cases an approximate doubling in the metabolic rate. 
Table VI illustrates the changes brought about by this phe- 
nomenon in Dog 30. 

It will be noted that there is a rapid rise in metabolism, reaching 
the maximum during the 4th hour of the experiment and remain- 
ing at the constant value during the 5th hour. By the end of the 
5th hour the body temperature has reached a constant normal 
value, therefore shivering decreases and the heat production falls 
during the 6th hour. 
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Alcohol Checks. 


The validity of the experiments reported is shown by the alcohol 
checks carried out with the respiration calorimeter during the 
period in which this work was done. The summarized results 
are included in Table VII. 


TABLE VII. 
Alcohol Checks. 
Calories per 
Experiment No. Date. R.Q. No. of hrs. 
Indirect. Direct. 
1926 

195 Jan. 30 0.664 4 23.03 24.42 
196 Feb. 18 0.678 3 19.59 20.08 
197 Mar. 28 0.662 4 aa.48 22.89 
198 Apr. 4 0.666 3 32.96 33.85 
199 June 1 0.671 4 33.72 32.49 
0.668 26.31 26.74 

SUMMARY. 


After the intraperitoneal injection of amytal in doses of 50 to 
75 mg. per kilo of weight in normal fasting dogs no change in 
blood sugar level occurred in periods as long as 6 to 8 hours after 
injection. In a series of forty-eight analyses of blood sugar in 
twenty-three experiments on sixteen different animals under 
amytal anesthesia no samples showing a hyperglycemic value 
were obtained. 

Narcosis was produced almost immediately after the intraperi- 
toneal injection of amytal, the average length of time necessary 
for its development being about 7 minutes. No tolerance for 
this hypnotic was acquired with one animal after amytal had been 
administered on twenty different occasions. 

The basal metabolism is slightly lowered after amytal, but 
usually remains at a constant level despite a fall in body tem- 
perature of 2 or 3°. In two animals the decrease in metabolism 
was less than 4 per cent, while in another dog the majority of the 
experiments showed a decreased metabolism of less than 10 per 
cent, the maximum decline being 13 per cent. 
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In only one experiment on one animal, with doses of this hyp- 
notic sufficient to prevent shivering, were there successive de- 
creases in metabolism coincident with a marked fall in body tem- 
perature, the maximum lowering of metabolism amounting to 35 
per cent below the basal. 

In common with other narcotics, amytal causes a rapid decline 
in body temperature which reaches a minimum value usually 3 to 
4 hours after its administration, at which level it may remain 
approximately constant for 3 to 4 hours in case no shivering occurs. 
No form of chemical regulation other than shivering was observed 
in these animals, since without the latter no increase in metabo- 
lism occurs and consequently the body temperature remains at 
the subnormal value during the period of observation. 

When shivering occurs the metabolism may be doubled. 


The authors wish to acknowledge the aid of Professor E. L. 
Sevringhaus, who assisted in the carrying out of some of the ex- 
periments with the respiration calorimeter. The amytal used 
in these experiments was kindly furnished us by Eli Lilly and 
Company. 
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THE OXIDATION OF METHYLATED GLUCOSES. 
By HARRY SOBOTKA. 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, May 17, 1926.) 


INTRODUCTION, 


Carbonic acid is the final stage in the oxidation of formaldehyde 
and its polymers, the carbohydrates. In the oxidation of formal- 
dehyde only one intermediary stage is possible, namely formic acid. 
This is evident by comparing the ortho formulas 


H OH H OH OH OH 
C C 
H OH OH OH OH OH 


Since each carbon atom of a hexose molecule on complete oxida- 
tion unites with four hydroxyl groups, the oxygen requirement 
can be calculated in the following way. 


24 hydroxyls for 6 CO: 
less 7 . already present in pentahydroxy capronic aldehyde 
oe for cleavage of five C-C linkages without oxidation 


12 hydroxyls required for complete oxidation. 


This oxidation of 12 hydrogen atoms to as many hydroxyl 
groups will proceed gradually through manifold intermediary 
steps the nature of which will depend upon both the amount of 
oxygen actually introduced and the successive cleavage of C-C 
bonds. 

In order to characterize the possible oxidation products of 
sugars, a systematic comparison of their degree of oxidation must 
take into account two factors: first, the virtual maximum of 
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hydroxyl groups (ortho forms); second, the scission of the C-C 
linkages by H-OH introducing hydroxyl groups without oxidation. 
The amount of hydroxy] groups divided by the amount of C atoms 
as listed below will serve for the desired comparison of molecules 
with chains of different lengths. 

Some of these substances actually have been prepared by the 
oxidation of sugar. Many of them have been proven to be pres- 
ent among the natural and artificial oxidation products of the 
carbohydrates. 


TABLE 
Oxidation Products of Sugar Listed According to Their Degree of Oxidation. 
OH 
Substance. 
Carbohydrates, lactic acid, glyceric aldehyde, methyl gly- 
oxal, acetic acid, formaldehyde...................ceecee0e- 2 
Tetronic acids; CH;-CHOH-CO-COOH..................... 2} 
Glyceric, pyruvic, hexuronic, ketohexonic acids........... 23 
Glycolic, saccharic, tetruronic 23 
CHO-CHOH-COOH; CH2OH-CO-COOH .................. 23 
Tartronic, glyoxalic, formic acid. 3 


Comparison of Oxidative Reagents. 


Under certain conditions the combustion of sugar by KMn0Ox, 
leads to CO. By variation of temperature, alkalinity, and con- 
centration, however, the action of the heptavalent manganese 
can be limited to yield primarily oxalic acid (1). The vigorous 
oxidation of sugars by KMnQ, as well as by HNO; or by H.O. 
cannot be considered as a reaction specific for carbohydrates. 
On the other hand, when the action of permanganate is discon- 
tinued before complete combustion has taken place, a rather 
complex mixture of carbonic and oxalic acids together with lower 
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oxidation products widely varying with the time of reaction results. 
Hence, this class of powerful reagents cannot find any general 
application in quantitative sugar analysis. 


The only remarkable exception is the uniform oxidation of galactose to 
mucic acid by dilute nitric acid which has been made use of for gravimetric 
determination. 


The other extreme, the oxidation of only the aldehydic group of 
aldoses to the carboxyl group of the corresponding aldonie acid 
by hypoiodite has been developed by Willstaetter and Schudel 
(2) to an exceedingly useful method. This reaction is of course 
specific for aldoses. 


TABLE II. 
Pseudostoichiometrical Factors. 


of 
ea an e 
gen oxygen (> ‘ 
Hg(CN), alkaline (Liebig-Knapp’s solution), HgI. (Sachse’s 

Fehling’s solution, Lehmann-Maquenne method............ 5-5.5 
5-6 
Fehling, Allihn’s modification and Pavy method............ 6 


Other oxidative reagents ranging in their strength between HOI 
and KMn0O, yield a multitude of oxidation products. None the 
less, one class is of outstanding importance in chemical sugar 
determination, the alkaline solutions of certain heavy metal salts. 
The numerous copper and mercury methods differ from one 
another by the concentration of the dissolved salts and by the 
procedure of heating and boiling. However, for the best of them, 
individual constant factors, or at least tables, have been given, 
which allow the evaluation of the sugar content from the amount 
of metal salt reduced. 

These factors might be called ‘“‘pseudostoichiometrical”’ and 
Table II gives a survey of the range of such factors uniformly 
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calculated as oxygen equivalents (1 equivalent = 4 atom) reacting 
with 1 molecule of glucose. 

It must be recalled that after the conventional time of boiling 
has elapsed, the reaction continues slowly. Thus the pseudostoi- 
chiometrical factor indicates the amount of oxygen utilized under 
given conditions by the sugar and its primary yet markedly reduc- 
ing degradation products. From these factors not only the 
amount of sugar may be ascertained, but also an approximation 
as to the nature of those secondary reaction products which retain 
but a very slight reduction power might be obtained. 


Mechanism of Oxidation. 


It will be seen that by the reduction of 6 Cut* to 6 Cut (3 O 
atoms) glucose may yield arabonic acid and carbonic acid, or 
erythronic acid and glycolic acid, or 2 molecules of glyceric acid. 
This indirect evidence is in good agreement with the actual find- 
ings of Nef (3). Nef concluded from experimental data that the 
oxidation of sugar in alkaline medium ought to be preceded by a 
progressive enolization process according to the reaction dis- 
covered by Lobry de Bruyn and Van Ekenstein. Nef’s views have 
recently been confirmed and extended by the work of Evans (1). 

The oxidation of the methyl ethers of sugar promised to con- 
tribute new evidence to the mechanism of oxidation. Glucose in 
alkaline copper solution unites with a multiple of the amount of 
oxygen necessary for the mere oxidation of the aldehydic group to 
the carboxyl. ‘This fact shows that also the alcoholic hydroxyls 
are more or less involved in the reduction of the copper salt. This 
reductive function of the molecule is enhanced by the etherifica- 
tion of the hydroxy] groups. 

In order to learn the quantitative influence of the methyl groups 
a series of methylated glucoses was oxidized by the procedure both 
of Bertrand and of Lehmann and Maquenne and the results were 
compared with the figures obtained from equivalent amounts of 
unsubstituted glucose. 

The amount of reducing aldehydic sugar was checked by the 
hypoiodite method of Willstaetter and Schudel. It was found that 
the HOI method yields quantitative results despite the substitu- 
tion of one or more methoxy groups on the other carbon atoms of 
the chain (cf. Kuhn and Schlubach (4)). 


Harry Sobotka 271 


The graphical summary of the results (Fig. 1) shows the in- 
fluence of methylation upon the reducing power of glucose. 
First, it may be seen that the reducing power is gradually de- 
creased from 6 equivalents to less than 1 equivalent. Since 2 
equivalents, z.e. 1 atom of oxygen, would be necessary for the 
formation of gluconiec acid, the remarkable fact becomes evident 


6 
4A Willstatter-Schudel 
Lehmann-Maquenne 
x Bertrand 
¢ 
oo 
Oo 
3 aid 
§ 
© 
4 
1}+— 
| | | | | | 
2 2 2 2 
3 3 3 3 3 3 
4 4 
5 5 5 
6 6 6 6 
Giucose|Mono- Di- Tri- Tetra- Penta-| Di-acetone 
methyl Qlucose mannose 
1. 


that, under the present experimental conditions, the carbonyl 
group of polymethylated glucoses is more stable against alkaline 
copper solution than against HOI. 

Yet more important is the fact that both curves revert from 
2.3-dimethyl] to 3.5.6-trimethyl] glucose. 

On considering the position of the methyl groups in the tested 
substances, the following rule may be established. The reducing 
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power of a substituted hexose depends not only upon the number 
of the substituting groups, but also upon their location. The 
reducing power is decreased by an increase of methyl groups as 
well as by the proximity of one of them to the reducing carbon 
atom (1). The progress of enolization and thus of oxidation is 
blocked by that methoxy group which is nearest to carbon atom 
(1) despite the presence of free alcoholic hydroxyl groups in the 
lower part of the chain. Dimethyl glucose with one of the 
methoxy groups on carbon atom (2) approximates and even sur- 
passes fully substituted 2.3.4.6-tetramethyl glucose, whereas the 
3.5.6-trimethyl glucose with a free hydroxyl in position (2) shows 
a stronger reducing power than both of the others. 

These differences are less pronounced with the Bertrand method. 
It may be assumed that enolization is facilitated by the stronger 
alkalinity of the Bertrand reagent. 

Of course, the position of substituent and of the O ring in the 
more remote branch of the molecule has some secondary and vary- 
ing influence on its stability both against copper and hypoiodite 
solutions. The unexpected fact that the tetramethyl sugar 
shows more reducing power than the 2.3-dimethyl glucose might 
be explained by the presence of ring structures with varying 
resistance.! 

In the case of pentamethyl glucose which has recently been 
prepared by Levene and Meyer (6) the reduction of copper solu- 
tions approximates the theoretical value required for the forma- 
tion of the corresponding gluconie acid. 

Also the character of the introduced group is of importance: 
both the tetramethyl glucose and the diacetone mannose reduce 
the theoretical amount of iodine, thus proving their aldehydic 


1Zemplen and Braun recently (5) determined the reducing power of 
2.3.5-, 2.3.6-, and 2.3.5.6-methyl glucoses with the Bertrand method. 
They found for 100 mg. of: 
2.3.5-trimethyl glucose 2.76 cc. 0.1 N KMn0Q,, thus 0.61 equivalent of 


oxygen. 
2.3.6-trimethyl glucose 7.58 ec. 0.1 N KMnQO,, thus 1.68 equivalent of 
oxygen. 
2.3.5.6-tetramethyl glucose 3.72 cc. 0.1 N KMnO,, thus 0.58 equivalent 
of oxygen. 


Hence, they drew analogous conclusions as to the influence of the ring 
structure upon the reducing power. 
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character. With alkaline copper solution, however, the former 
reacts with about 1 equivalent of oxygen, while the latter does not 
reduce Fehling’s solution at all. 

More evidence is to be expected from the analytical behavior of 
other methylated isomeric or otherwise substituted glucoses. 


EXPERIMENTAL PART. 


The various methylated glucoses tested for their reducing power 
against Fehling’s solution were prepared in the usual way by 
reduction of the corresponding lactones. The starting material 
was provided by Levene and Meyer (6) and I wish to express my 
best thanks for their kindness. 

Approximately 0.05 N solutions were employed. The optical 
activity was checked and double samples of 2.5, 5, and 7.5 ee. 
were analyzed by the methods of Willstaetter and Schudel, Leh- 
mann and Maquenne, and Bertrand. 


Willstaetter-Schudel Method.—Sample made up to about 20 cc. plus 10 
or 20 ce. of 0.1 N I plus 20 to 30 cc. of 0.1 N NaOH. After standing for 15 
minutes at room temperature retitrated with0.1N thiosulfate. 1 cc. of I 
<= 9.00 mg. of glucose. 

Lehmann-Maquenne Method.—Sample made up to 40 cc. plus 20 cc. of 
Fehling’s solution (= 27.8 ce. of 0.1 N). After 2 minutes boiling, cooled 
under the tap, added 15 cc. of 20 per cent KI and 20 cc. of 20 per cent H2SO,, 
and retitrated with 0.1 n thiosulfate. 

Bertrand Method.—Sample made up to 20 cc. plus 20 ec. of Bertrand I and 
20 ce. of Bertrand II solutions. After 3 minutes boiling Cu,O filtered off, 
dissolved with Bertrand III, and titrated with KMnO,, 0.1573 n, 1 ec. of 
which = 10 mg. of Cu. 


Glucose 0.05 n X 1.013. 


+0.96° xX 100, 
= = 2.6°. 
Method Solution of | Thiowulfate | Bauiyslent 
cc, cc. cc. 
Willstaetter. 2.5 2.50 1.98 
5.0 5.04 2.00 
Lehmann-Maquenne. 2.5 6.48 5.12 
5.0 13.75 5.44°>5.16 
10.0 24.85 4.92 
Bertrand. 2.5 4.52 5.64 
5.0 8.76 5.4675.41 
10.0 16.49 5.14 
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3-Monomethyl glucose 0.05 N 0.998. 


1.13° « 100 
= = +58.3°. 
Cc. cc. cc. 
Willstaetter. 2.5 2.47 1.98 
5.0 4.91 1.97 
7.5 7.36 1.98 
Lehmann-Maquenne. 2.5 3.95 3. 17) 
5.0 8.15 3.2673.21 
7.6 11.95 3.19) 
Bertrand. 2.5 2.84 3.58 
5.0 5.92 3.7373. 66 
7.5 8.75 3.67 


2.3-Dimethy! 


glucose 0.05 N 0.9993. 


+1.33° 100 
= +51.9°; m.p. 121° (6 form.)* 

Willstaetter. 2.5 2.51 2.01 

7.0 5.00 2.00 

7.5 7.44 1.98 
Lehmann-Maquenne. 2.5 0.74 0.59 

5.0 1.49 0.6070.59 

7.5 2.23 0.59 
Bertrand. 2.5 1.60 2.01 

5.0 3.09 1.95°71.94 

7.5 4.44 1.86) 

* Irving and Scott (7) give 108-110°. 
3.5.6-Trimethyl glucose 0.05 0.9837. 
—0.33° 100 
= — = —15.5°, 
2 X 1.0925 

Willstaetter. 5.0 4.79 1.95 

7.9 9.65 1.97 
Lehmann-Maquenne. 2.5 2.65 2.16 

5.0 4.71 1.9171.98 

7.5 6.90 1.87 
Bertrand. 2.5 1.85 2.26) 

5.0 3.11 1.98°2.07 

7.5 4.67 | 1.96] 


be 


Harry Sobotka 275 
2.3.4.6-Tetramethyl glucose 0.05 nN K 0.9996. 
+1.67° 100 
= = +70.7°. 
= 
ce. ce. cc. 
Willstaetter. 25 2.23 1.79 
5.0 4.46 1.79 
7.5 6.86 1.85 
Lehmann-Maquenne. 2.5 1.09 0.87 
5.0 3.33 0.85)0.82 
7.8 2.82 0.75 
Bertrand. 2.5 1.10 1.38 
5.0 1.83 1.15>1.22 
7.5 2.71 1.14 
2.3.4.5.6-Pentamethyl glucose 0.05 N. 
—0.51° 100 
[a]p = = —21.2°. 
2 X 1.205 
Willstaetter. 2.68 2.07 
5.0 4.90 1.98 
Lehmann-Maquenne. 2.5 2.00 1.60 
5.0 3.80 1.52>1.49 
7.5 5.09 1.36 
Bertrand. 2.5 1.39 1.75 
5.0 2.49 1.5171.60 
7.5 3.53 1.48 
2.3.5.6-Diacetone mannose 0.05 Nn. 
Willstaetter. 5.0 4.48 | 1.89 
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VITAMIN STUDIES. 


XIV. THE INFLUENCE OF ULTRA-VIOLET LIGHT ON THE ANTI- 
RACHITIC PROPERTIES OF PURIFIED RATIONS USED IN 
THE STUDY OF VITAMIN A.* 


By R. ADAMS DUTCHER ann JOHN HENRY KRUGER. 


(From the Department of Agricultural and Biological Chemistry, School of 
Agriculture and Experiment Station, Pennsylvania State College, 
State College.) 


(Received for publication, June 5, 1926.) 


Ior a number of years it has been the practice in most labora- 
tories to determine the vitamin A content of food materials by 
feeding a purified vitamin-free basal ration to growing rats and 
supplementing this ration with wheat embryo or yeast prepara- 
tions and weighed or measured quantities of the food to be in- 
vestigated. The basal ration used in this laboratory consists, in 
parts per 100, of casein 18, agar 2, salt mixture 3, and dextrin 77. 
Yeast pellets, weighing 0.5 gm. (made by pressing Fleischmann’s 
special dried yeast in a pill press) are fed daily to insure an ade- 
quate supply of vitamin B and iodine is furnished in the drinking 
water. 

In all but our very recent work the casein was prepared by pre- 
cipating skim milk according to the Zoller method (1). The 
washings, with acidified water (pH 4.8), never numbered less than 
1? and between washings the casein was pressed as free of water as 
possible in a cheese press. 

The water washings were followed by five or six alcohol wash- 
ings, allowing each batch to remain in contact with alcohol for 
from 3 to 12 hours. This treatment served to extract any traces 
of vitamin B remaining in the casein and, incidentally, removed 
sufficient water to prevent spoilage of the casein on standing. 


* Published by permission of the Director of the Agricultural Experi- 
ment Station as technical paper No. 410 and contribution No. 23 from the 
Department of Agricultural and Biological Chemistry. 
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After treatment with alcohol the casein was spread in thin layers 
on glass shelves in an air drier and air (at room temperature) 
was driven over the casein to remove the alcohol. 

The casein was then treated with ethyl ether until 50 ec. of the 
ether extract left no fatty residue, upon evaporation. ‘The casein 
was then air-dried, heated in an air oven at 120°C. for 12 hours, 
and ground to a powder. This product has been used in all of the 
feeding work and has been found to be free from vitamins A, B, 
and C, 

The dextrin was prepared by autoclaving commercial corn- 
starch in the moist state, in the presence of 0.4 per cent citric 
acid. After drying, in a steam closet, until the product was 
thoroughly brittle, it was ground to a fine powder. 

The salt mixture was McCollum’s Salt Mixture 185 (2) and the 
egar was a high grade product of the type used in bacteriological 
work. 

Recently we have attempted to dispense with the above tedious 
and expensive method of casein preparation. At present we are 
obtaining very satisfactory results by percolating a commercial 
dry casein with alcohol and ether, using a technique practically 
identical with that described above, the final product being heated, 
in shallow pans, in an electric oven at a temperature of 120°C. for 
12 to 15 hours. The latter treatment is added as a precautionary 
measure to insure the destruction of the last traces of vitamin A. 

Prior to the discovery (3) that some rachitic food materials 
could be rendered antirachitic by means of ultra-violet irradiation, 
no satisfactory means were available to insure an adequate supply 
of the antirachitic factor—in fact, it is doubtful if it had occurred 
to many workers that vitamin A investigations were being vitiated 
by the fact that rickets was complicating the problem. 

In March, 1925, we placed three groups of rats on the basal 
ration just described. The first group received the basal ration; 
the second group received the basal ration and the rats were 
irradiated for 10 minutes (daily) with the Cooper Hewitt Uviare 
lamp at a distance of 2 feet; the third group received the same 
treatment except that the ration was irradiated for 30 minutes 
and the rats received no light treatment. 

While xercphthalmia developed in all groups, it was clear that 
irradiation hed celayed the fall in body weight that we had for- 
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merly observed. Furthermore, we concluded that irradiation of 
the ration possessed many advantages over direct irradiation of the 
animals, particularly with reference to convenience and economy 
of time. 

To test the matter further, we started new experimental groups 
and fed raw milk at various levels, using both types of technique, 
viz. with and without irradiation. It was discovered that less milk 
was required to produce the same increase in growth, if the ration 
was irradiated with ultra-violet light. This work will be de- 
scribed in a later paper. 

In the meantime we had collected data on bone ash and in- 
organic blood phosphorus in rats at different ages, which led us 
to suggest (4) that it was possible to determine the calcifying 
properties of food materials, using bone ash as an index of calci- 
fying potency. 

The present paper endeavors to apply this technique to the 
study of our purified basal ration with the view of definitely 
answering the question as to which ingredient is responsible for the 
increased well being of our experimental animals and which in- 
gredient has the greatest antirachitic or calcifying potency after 
irradiation. 


EXPERIMENTAL 


Using the same technique as described in our former paper (4), 
66 rats were placed on the casein-dextrin basal ration at 21 days of 
age. Inasmuch as previous experience had shown that the maxi- 
mum rachitiec effect becomes manifest, in our rats, at about the 
3rd week, it was decided that we would determine the ash in the 
femur bones at the 14th and 21st day of the experiment. In the 
present investigation no attempt was made to collect data on the 
fluctuations of inorganic phosphorus in the blood. 

All rats (see Table II) received the same basal ration with the 
exception that Group 7 received a diet in which 2 parts of dextrin 
were replaced with 2 parts of corn oil. 

The complete ration (Group 2) was irradiated after mixing. In 
all other rations, except the control ration (Group 1), the ingre- 
dients were irradiated separately, before mixing. 

(}n the 14th day of the feeding period three rats were removed 
from each group, anesthetized, and the femur and humerus bones 
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were cleaned, dried, extracted, and ashed. Due to an error, both 
types of bone were made into composite samples for each individ- 
ual rat; consequently, the (femur) ash percentages in Table I 
represent standards suggested in our previous paper (4), while the 
data in Tables II and III represent mixtures of femur and humerus 
ash. 

The data in Table I are self-explanatory. Using our former 
standards, which are summarized in Table I, and consulting the 
data in Table II, it seems evident that the irradiation of the com- 
plete purified basal ration (Group 2) has brought about a degree of 
calcification that can be considered subnormal but not what would 
be considered rachitic from a clinical standpoint. It is also appar- 
ent that the pruified basal ration (Group 1, without irradiation) 
produces a rachitic condition. When the ingredients were 1r- 


TABLE I. 
Standards Originally Established (Femur Only). 


Average bone | Average bone 
Condition of animals. as ash 
14th day. day. 
per cent per cent 
Subnormal, no evidence of rickets............... 43.50 46.55 


radiated singly and added to the other ingredients, which had 
not been irradiated, it is evident that casein (Group 3), agar 
(Group 4), and the salt mixture (Group 6) played little, if any, 
part in the stimulation of the calcification process, while definite 
stimulation was brought about by the action of the ultra-violet 
hight on dextrin (Group 5) and corn oil (Group 6). 

In order that we might assure ourselves that this method was 
capable of yielding consistent results the experiment was repeated, 
using 24 rats fed the same ration except that dextrin was the only 
ingredient which received ultra-violet irradiation. 

In this experiment four rats were taken from the experiment 
each week for 5 weeks, Group 1 being removed at the beginning 
of the experimental feeding period, Group 2 at the end of the 
Ist week, Group 3 at the end of the 2nd week, ete. 

The results of this experiment are summarized in Table III. 
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These results compare surprisingly well with the data in Table 
II, considering the number of variables not under control. It will 
be noted that irradiated dextrin, in the respective trials (Tables II 
and IIL), produced 46.87 and 46.10 per cent of bone ash on the 14th 
day and 48.03 and 49.00 per cent on the 21st day. In other words, 
additional proof was obtained that dextrin, made from commercial 


TABLE II. 
Effect of Irradiating Various Ingredients in the Casein Dextrin Type 
of Ration. 
Average bone | Average bone 
Group. Treated with ultra-violet light. ash 
14th day. day. 
per cent per cent 
1 6 37.90 40. 23 
2 Complete ration.............. 6 45.67 47.33 
3 en 6 42.53 41.60 
7 6 46.83 50.80 
TABLE III. 
Effect of Trradiating Deztrin Only. 
Group. Days on experiment. Average bone ash. 
per cent 
1 0 40.80 
2 7 43.75 
3 14 46.10 
4 21 49 00 
5 28 54.50 
6 35 54.20 


corn-starch and fed in the proportions described, has the property 
of assuming antirachitie properties when treated with ultra-violet 
light. 

Furthermore, it seems safe to say that this bone ash method, 
when standardized on controlled breeding stock of known dietary 
history, gives quite uniform results and should be useful in making 
quantitative studies of antirachitic food materials. Tor example, 
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it would appear that, inasmuch a- 2 yur’ of irradiated corn oil 
brought about the same degree of caleific..tion as 77 parts of ir- 
radiated dextrin, it is possible to say that irradiated corn oil is 
about thirty-eight times as potent, as a calcifying agent, as is 
irradiated dextrin. 


SUMMARY. 


Additional data are submitted to show the usefulness of the bone 
ash method in determining the antirachitic potency of foods. 

This method has been used to study the casein-agar dextrin type 
of diet used for the estimation of vitamin A, from which the fol- 
lowing conclusionsmay bedrawn. (a) That most, if not all, of the 
investigational work, in the past, has been vitiated due to the 
presence of rickets, in addition to the results of vitamin A de- 
ficiency. (b) That casein, agar, and salts in the proportions 
described have little, if any, effect on calcification, after irradia- 
tion. (c) That dextrin, fed at a 77 per cent level, made from com- 
mercial corn-starch possesses marked calcifying properties after 
treatment with ultra-violet light. (¢) That irradiated corn or 
olive oil can be added, to advantage, to vitamin-free rations of this 
type when estimations of vitamin A are contemplated. (e) That 
irradiated corn oil is at least thirty-eight times more potent than 
irradiated dextrin, made from commercial corn-starch by the 
method described. (f) Our results are in general agreement with 
those of Steenbock and coworkers (5), who observed that anti- 
rachitic activation could not be induced in purified protein while 
starch became activated when treated with ultra-violet light. 
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STUDIES CONCERNING THE ORIGIN OF URINARY 
AMMONIA. III. 


By I. M. RABINOWITCH. 
WITH THE ASSISTANCE OF ELEANOR V. Bazin. 


(From the Department of Metabolism, Montreal General Hospital, Montreal, 
Canada. ) 


(Received for publication, May 18, 1926.) 


Data obtained in a clinical and experimental study (1) appeared 
to strengthen the hypothesis of Nash and Benedict (2), that one 
of the functions of the kidney is to form ammonia. It was shown 
in cases of diabetes with acidosis, in which large quantities of 
ammonia were found in the urines, that these could not be ac- 
counted for by the ammonia contents of the bloods. It was also 
shown that in cases of severe diabetes, complicated by nephritis, in 
spite of the presence of marked acidosis, unexpectedly small 
amounts of ammonia were found in the urine. Later (3) a statis- 
tical study was made of the urinary ammonia excretions in a 
large series of diabetics. For comparative purposes these were 
divided into four groups as follows: Group 1. Cases with no 
nephritis and no ketosis. Group 2. Cases with no nephritis and 
with ketosis. Group 3. Cases with nephritis and no ketosis. 
Group 4. Cases with nephritis and with ketosis. 

In this study it was shown that in the group of diabetics with 
ketosis and no nephritis, the average ratio of ammonia to acid 
excretion was the same as in normal individuals, approximately 
1 gm. of ammonia being excreted for every liter of tenth normal 
acid. In diabetics with ketosis and nephritis this relationship 
did not hold. 

In recording these results many of the factors influencing am- 
monia excretion and the possibilities of technical errors were 
appreciated. It may, however, be recalled that these were results 
of many observations—sufficiently numerous for statistical treat- 
ment. It is therefore extremely unlikely that these factors would 
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tend to operate in any one particular group of cases, to the exclu- 
sion of all others. 

The above investigation was undertaken because of the clinical 
importance of this phenomenon. It is well known that acidosis 
develops more readily in diabetics who also have nephritis than in 
those who do not have this complication. If the hypothesis of 
Nash and Benedict be correct, this susceptibility to acidosis may 
reasonably be explained by the loss of one important source of 
alkali which is essential for the regulation of the body neutrality. 
If this explanation is correct the value of the simple laboratory 
procedure of determining the acid-ammonia ratio in detecting a 
tendency towards acidosis 1s obvious. 

There are certain possible fallacies in the interpretation of the 
findings of these clinical studies. Firstly, in individuals with 
nephritis, it may not necessarily follow that because there is a 
diminished excretion of ammonia in the urine this ammonia is 
not being produced. Ammonia may be produced but may not 
be excreted because of impairment in renal efficiency. One would, 
however, expect that the latter would result in an increase in the 
concentration of ammonia in the blood. This we did not find to 
be the case (1). Results similar to ours, in the same type of case, 
were previously reported by Russell (4), and more recently by 
Van Slyke and his associates (5). The latter workers employed a 
method of their own device for the quantitative determination of 
ammonia in blood, which because of its seeded and accuracy 
commends itself for clinical research. 

The fact that three different observers, working independently, 
obtained the same results in the same type of case rather excludes 
the possibility of chance or technical error. It may therefore 
reasonably be assumed that retention of ammonia in the blood 
does not account for its diminished excretion in nephritis. 

A suggestion, based upon animal experimentation, to account 
for normal ammonia values in bloods of nephritics was recently 
brought forward by Bliss (6). Working with nephrectomized 
dogs, Bliss found large quantities of ammonia in the vomitus of 
these animals—-sufficient to account for low blood ammonia values. 
That vomiting is a common phenomenon of uremia is generally 
recognized. 

Vomiting may play a réle in ammonia elimination in nephritics 
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and account for normal blood ammonia values in spite of defective 
kidney excretion. This is an important observation and one upon 
which Bliss bases his disagreement with Nash and Benedicts’ 
interpretation of the origin of urinary ammonia. It seems rather 
difficult, however, to explain the discrepancy between blood and 
urinary ammonia values found in diabetics, except on the basis of 
Nash and Benedict’s hypothesis. In the cases of diabetes ob- 
served (1) in spite of excretions of large quantities of ammonia in 
the urine, the blood ammonia values were within the normal limits 
of variation. 

The whole problem of the origin of urinary ammonia would be 
much simplified were it possible to determine circulation rates 
accurately in diabetic subjects with severe acidosis. By such a 
procedure it could be shown whether or not there is a marked dis- 
crepancy between the ammonia brought to the kidneys and the 
actual amount of ammonia in the urine. The most probable 
fallacy, both in Nash and Benedict’s interpretation of their results 
of animal experiments and of our interpretation of those in man, 
was assuming a given circulation rate through the kidneys. Direct 
determination of the circulation rate through the kidneys in man 
is obviously not possible. Total circulation rates can, however, be 
measured at least approximately. The method :mployed in this 
laboratory previously (7) has yielded fairly consistent results. It 
was therefore applied to this study and the deductions made here 
appear reasonable. 

Briefly, it consists of simultaneous determinations of the oxygen 
contents of arterial and venous blood (from the arm), and of the 
oxygen consumption of the body. From these are calculated the 
volume output of blood from the left ventricle per minute. Thus 


X = the estimated volume output per minute (ec.). 


R = oxygen requirement (ec. per minute). 
A = arterial oxygen content (ec. of oxygen per 100 ce. of blood). 
V = venous oxygen content (cc. of oxygen per 100 ec. of blood). 


To yield exact values for the circulation rate, the venous oxygen 
values would have to be determined on the mixed venous blood of 
the right heart. The errors that may be introduced into calcula- 
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tions of the cardiac output by using oxygen values from a single 


small vein have previously been discussed (7). It appears, how- 
ever, from our previous results (7) that even though the procedure 
yields approximate values only, these are of value for comparative 
purposes. It appears reasonable, on the basis of probabilities, that 
if ammonia excretion is dependent upon circulation rate, the greater 
number of results should demonstrate this relationship. The whole 
procedure was as follows: 

A number of diabetics were selected. The severity of the dis- 
‘ase In these cases was such as to make them ideal subjects for this 
investigation. The object of such a selection was to obtain indi- 
viduals who excreted large quantities of ammonia. In each case, 
in the postabsorptive state, the oxygen requirements of the tissues 
were obtained by means of the Tissot gasometer and the Haldane 
gas analysis apparatus. While the expired air was being col- 
lected in the gasometer, samples of arterial and venous bloods were 
obtained. The oxygen contents of these were determined, and 
the circulation rates calculated as previously deseribed. The 
remainder of blood was employed for the ammonia estimations. 
‘These were made with all necessary precautions according to the 
method of Nash and Benedict (2). In each ease the total 24 hour 
specimen of urine was collected without loss and preserved in 
the usual way with toluene and on ice. The urinary ammonia 
determinations were made by the Folin method. The combined 
results are recorded in Table I. 

In Columns 1 to 8 are recorded the laboratory findings which 
show that in each case the severity of the disease was marked. 
This is indicated by (a) the excretion of large quantities of organic 
acids, (b) the low CO.-combining power of the plasma, and (c) 
the state of undernutrition as judged by the height-weight-age 
relationship; also with the exception of Cases 4, 6, and 15 the 
basal metabolic rates were increased—a phenomenon frequently 
observed in the severe acidosis of diabetes. In Columns 9 to 13 
are recorded the values essential for the calculation of the circu- 
lation rates. The blood ammonia values are recorded in Column 
14. In Column 15 are recorded the actual amounts of ammonia 
excreted per 24 hours In Column 16 are recorded the calculated 
amounts of ammonia that would be excreted per 24 hours were all 
the blood to pass through the kidneys (a ridiculous assumption). 
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DISCUSSION OF RESULTS. 


It will be noted that, as in our former observations (1) in a simi- 
lar type of case (severe diabetes), the blood ammonia values were 
within the normal limits of variation (Column 14). In five cases 
(Nos. 1, 2, 3, 6, and 13) the actual amounts of ammonia excreted 
were greater than could be accounted for by the total amount of 
ammonia that could have been brought to the kidneys by means of 
the blood. The ratios of the actual to calculated gm. of ammonia 
were 102.1, 105.7, 146.1, 118.7, and 134.4 respectively. In Cases 
5, 7, and 9 it would have been necessary for 39.0, 29.3, and 28.7 
per cent respectively, of the total circulation to have passed 
through the kidneys to account for the urinary excretion of am- 
monia. In the remaining cases as much as from 54.3 (Case 14) 
to 95.7 (Case 11) per cent would have been required. Consider- 
ing the factors which govern the rate of flow of liquids in tubes 
(pressure, cross sectional area, etc.) 1t is obvious that there is no 
sound physical basis for the assumption that such large quantities 
of blood could have passed through both renal arteries. Con- 
sidered from a statistical point of view, there appears to be no 
reason for circulation rates, even though approximately deter- 
mined, tending to influence results in one direction in practically 
all instances if chance was the only influencing factor. These 
observations therefore further strengthen the view that the kidneys 
are the site of formation of at least the greatest part of the am- 
monia excreted in the urine. 


BIBLIOGRAPHY. 


. Rabinowitch, I. M., Canad. Med. Assn. J., 1923, xiii, 742. 

. Nash, T. P., Jr., and Benedict, 5. R., J. Biol. Chem., 1921, xlviii, 463. 

. Rabinowitch, I. M., Arch. Int. Med., 1924, xxxiii, 394. 

. Russell, D. 8., Biochem. J., 1923, xvii, 72. 

. Van Slyke, D. D., Linder, G. C., Hiller, A., Leiter, L., and McIntosh, 
J. F., J. Clin. Inv., 1925-26, 1, 255. 

. Bliss, 8., J. Biol. Chem., 1926, Ixvii, 109. 

7. Rabinowitch, I. M., Arch, Int. Med., 1925, XXxvi, 239. 


th 


> 


a 


SHOULD LEG WEAKNESS IN GROWING CHICKS BE 
CALLED RICKETS?* 


By J. 8S. HUGHES anp R. W. TITUS. 


(From the Department of Chemistry, Kansas State Agricultural College, 
Manhattan.) 


(Received for publication, May 24, 1926.) 


The authors (1, 2), as well as other investigators (3) in the field 
of poultry nutrition, have called the condition in growing chicks, 
popularly known as leg weakness, rickets. The use of the term 
rickets is in harmony with the idea expressed by Park (4) in a 
discussion of the etiology of rickets in which he states, “Increasing 
knowledge concerning rickets has made it necessary to broaden 
the view in regard to the characteristic pathology and admit 
to the disease all disturbances in metabolism in which lime salt 
cease to be deposited in the bones and cartilage.”’ Pappenheimer 
and Dunn (5) in a recent paper entitled “The Relation of Leg 
Weakness in Growing Chicks to Mammalian Rickets” have taken 
the position that leg weakness in chicks should not be classified as 
rickets. Although they do not make a definite statement tothis 
effect, in the addendum to their article they do state that a certain 
lot of chicks on a yellow corn diet did not develop rickets while 
Table I of their article shows that these chicks did develop leg 
weakness. In support of this view they make the following state- 
ment in the discussion of their results: 


“We are thus dealing with a condition which is pathologically distinct 
from rickets, but which in its biological reactions shows undoubtedly close 
relationship to this disease. However, the biological resemblance . . . . 
is not complete. Thus the concentrate of the non-saponifiable fraction of 
cod liver oil (Zucker), which is actively antirachitic in rats, failed to pro- 
tect against leg weakness.”’ 


* Contribution No. 122, Department of Chemistry. 
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This statement concerning the pathological difference in leg 
weakness and rickets is based on a radiographic and histological 
examination of the bone. In one respect the results of their radio- 
graphic examination differ from those of the authors. They 
state, ‘‘There is no swelling or deformity of the end of the bone, and 
the cupping, so characteristic of the rachitic metaphysis, is con- 
spicuously lacking.”’ In a number of cases, especially with chicks 
3 or 4 months old, the authors have found a decided enlargement 
and deformity of the ends of the long bones of the legs. Their fail- 
ure to find any case of deformity of the end of the bones is perhaps 
accounted for by the fact that in their experiment they were deal- 
ing with leg weakness in very young chicks. According to Table 
I of their article only 41 cases of leg weakness developed and in 
no case was the onset delayed as long as 6 weeks. ‘The authors on 
the other hand have had the opportunity during the past 12 
years of observing experiments involving over 2000 cases of leg 
weakness in chicks varying from a few weeks to a year of age. 

Their main reason for not classifying leg weakness and rickets 
together seems to be based on their findings that the histological 
bone lesions in leg weakness of chicks differs from the histological 
bone lesions in experimental low phosphorus rickets in rats. 
These differences, however, are not necessarily a result of different 
diseases. It might be possible for the histological lesions in the 
bone in a disease like rickets to vary in two species as widely dif- 
ferent as the chicken and the rat. 

Park (4) in his discussion of the etiology of rickets does not con- 
sider the character of the histology of the bone lesions to be the 
deciding factor in diagnosing rickets. He defines rickets as 
follows: “Rickets is a disturbance in the metabolism of the grow- 
ing organism of such nature that the salt equilibrium, in particu- 
lar as regards the calcium and phosphorus, in the circulating fluid 
is disturbed, and lime salts no longer deposit in the bone. 

The first detectable signs of rickets are probably a dimnination of 
the inorganic phosphorus or calcium of the blood.” 

In their paper Papperheimer and Dunn do not consider the 
pathological condition of the blood as shown by chemical analysis. 

The authors (2) in a previous publication have shown that the 
disturbance in calcium and phosphorus content of the blood in 
leg weakness in chicks is the same as that in rickets. Steenbock, 
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TABLE I. 
Calcium and Inorganic Phosphorus Content of Blood from Chicks. 
Product, 
Source of antirachitie factor. | Calcium. | | 
Showing no Jeg weakness. 
| mg. per 100 | mg. per 190 | 
ce, cc. 
Iiggs from hens receiving direct sunshine | 
and light from Uviare poultry treater... 12.9 | §.0 | 64.5 
Eggs from hens receiving light from | | | 
Uviare poultry treater................ | 65.0 
Ikgg yolk from hens receiving cod liver | | 
from hens in genera! farm flock...) 11.5 | 4.59 | 52.7 
Light from Cooper Hewitt work lamp | | 
(mercury are in glass tube)............ 12.3 
Light from Uviare poultry treater (quartz | i] 
13.76 | 6.23 | ThA 
+ chicks irradiated..... 13.756 | | 
11.25 | 4.53 | 50.96 
Showing leg weakness. 
| 14.00 | 2.39 | 33.4 
I-ges from hens treated with Uviare poul- | | | 
I-ggs from hens receiving sunshine through! | | 
Icge white from eggs from hens in genera! | | : 
Irradiated cottonseed oil................. 8.50 | 2.75 | 23.37 
Ifart, Jones, and Black (6) have also reported a similar disturb- ‘ 
ance in salt equilibrium in the blood of chicks showing leg weakness. 
Howland and Kramer (7) have shown that in cases of rickets 
the product obtained by multiplying the concentration of the 
ealcium and inorganic phosphorus of the blood is almost always 
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less than forty. They state, When the product is below 30 
rickets is to be expected, between 30 and 40 it is probable. When 
the product is above 40 either healing is taking place or rickets is 
entirely absent. Hess, Calvin, Wang, and [Felcher (8), and also 
Cavins (9) have reported similar results. The authors have 
found the same conditions to hold for leg weakness in chicks. 
During the last 2 years they have determined the calcium and 
inorganic phosphorus content of the blood from representative 
chicks from more than 50 experimental lots representing over 1000 
chicks. In each case five representative chicks from a lot were 
bled and the blood pooled for analysis. Table I shows the results 
obtained from the last ten lots of chicks showing no log weakness 
and the last ten lots of chicks showing typical leg weakness 
which have been analyzed. In no case does the product of the 
calcium and the inorganic phosphorus content of the blood fall 
below 44 for the normal chick, while in no case is it as high as 40 
for the chick showing typical leg weakness. ‘These results show a 
very striking similarity between the pathological chemistry of the 
blood of chicks with leg weakness and the blood in case of rickets. 

Pappenheimer and Dunn state in the discussion of their experi- 
ment in which a concentrate of the non-saponifiable fraction of - 
cod liver oil did not prevent the development of leg weakness 
that the curative dose for rats of the sample used was 0.1 ce. per 
rat per day. In one case they used 2 per cent and in the other case 
2% per cent of the concentrate in the feed for their chicks. It is 
quite possible that a higher concentration of this preparation would 
have prevented the weakness in these chicks. These results should 
not be considered as very significant until they are substantiated 
by careful determinations of the different requirements for vita- 
min D by the chick and the rat. 

The senior author became interested in the subject of abnormal 
bone development in growing chicks in 1913 when he and his co- 
workers made an extensive study of the cause of weak bones in 
milk-fed broilers. Since that time he has had on experiment con- 
tinuously from five to twenty pens of chickens on various poultry 
nutrition problems. All sorts of feed combinations were employed 
in an attempt to prevent leg weakness in growing chicks when they 
were confined in the laboratory. 

Very little progress was made, however, until 1923 when the 
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conclusion was reached that the etiology of leg weakness was 
identical with the etiology of mammalian rickets. Since that time, 
of the hundreds of chicks used in experimental work, not one 
receiving an adequate mineral mixture in the feed has developed 
typical leg weakness when provided a liberal supply of vitamin D 
(antirachitie substance) or ultra-violet light. On the other hand 
none have failed to develop leg weakness if they remained on the 
experiment as long as 3 months if they were deprived of both vita- 
min D and ultra-violet light. From this work the authors are 
convinced that a substance which will prevent rickets in rats 
will prevent leg weakness in chicks if it is used in adequate 
amounts, provided the minerals of the feed are adequate. 


CONCLUSIONS. 


1. The preponderance of evidence indicates that the etiology of 
leg weakness in chicks and rickets In mammals is the same. 

2. The chemical analysis of the blood shows the two conditions 
to be alike so far as the calcium and phosphorus content is con- 
cerned. 

3. The general pathology of the two conditions is alike in that 
it is characterized in both by a faulty metabolism of calcium and 
phosphorus resulting in an improper calcification of the bones. 

4. It is suggested that the difference in the histiological bone 
lesion in leg weakness in growing chicks and rickets in rats de- 
scribed by Pappenheimer and Dunn may be due to the difference in 
the two species of animals. 

5. If the term rickets can properly be used to designate any dis- 
ease In a growing organism characterized by a faulty metabolism 
of calcium and phosphorus resulting from a lack of vitamin D and 
ultra-violet light, then the experimental data justify diagnosing leg 
weakness as rickets. 
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REVERSIBLE OXIDATION-REDUCTION SYSTEMS OF 
CYSTEINE-CYSTINE AND REDUCED AND 
OXIDIZED GLUTATHIONE. 
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(Received for publication, May 11, 1926.) 


Investigation of the oxidation-reduction potentials of 2-oxy- 
2,3-dihydroindole-3-propionic acid established the fact that the 
compound in both its reduced and oxidized forms has little effect 
on the platinum electrode (9). It has the ability, however, to 
react with dibromoindophenol, with hydrogen dioxide, molecular 
oxygen, and many other oxidizing agents. Interaction with 
these compounds produces within the solution variations in the 
reducing potential. When dibromoindophenol is used, the dye 
is completely reduced and a reducing potential of +0.1 volts can 
be produced. The oxidation of this lactam was shown to be of a 
simple stoichiometric nature, and the velocity curve indicated 
that an addition product was formed between the lactam and the 
oxidizing compound, probably through the amine group. It was 
suggested that this intermediate product is unstable, tending to 
break down with the removal of two atoms of hydrogen from the 
lactam. 

The reduced and oxidized forms of 2-oxydihydroindole-3- 
propionic acid are not in equilibrium with each other, and they 
do not form a reversible oxidation-reduction system. No com- 
pound has been found which can bring the two forms into equi- 
librium. 

In 1923, Dixon and Quastel published an investigation of the 
oxidation-reduction potentials of cysteine and cystine and of 
reduced and oxidized glutathione (4). They suggested that these 
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compounds belong to a new system of substances, only one form of 


which (the reduced) affects the platinum electrode. They stated 
that the effect of adding oxidized glutathione to reduced gluta- 
thione is to increase the reducing potentials, but they do not give 
any interpretation of this fact. In their conclusions they state 
that the reducing potentials of cysteine and of glutathione are 
independent of the presence or absence of their oxidized forms and 
that the variation of the reducing potentials with concentration of 
RSH and pH is given by the relation 

= log (H*) — log ¢, 

where z is the observed potential, 7, 1s the normal reduction poten- 
tial and is a constant, and ¢ is the concentration of RSH. They 
give determinations in their paper which appear to show that the 
actual concentration of cysteine determines the reducing potential 
and that the addition of cystine to the cysteine has no effect. 

When it was shown that the oxidized form of 2-oxy-2,3-dihydro- 
indole-3-propionic acid did not affect the platinum electrode, it 
seemed probable that this lactam resembled, at least in some 
respects, cysteine and cystine. In the hope of finding other 
relationships between cystine and the indole derivative under 
investigation, experiments were made similar to those of Dixon 
and Quastel with cysteine and cystine. 

It was first shown that cystine not only did not affect the plati- 
num electrode, but it was remarkably stable toward reducing 
agents. When reduced indigo was added to the electrode chamber 
containing cystine, a high reducing potential was produced. It 
was not changed by the cystine and no poising action could be 
demonstrated. 

In order to determine the reducing power of cysteine, similar 
experiments were performed in which oxidizing dyes were used in 
place of reduced indigo and it was shown that 2,6-dibromoindo- 
phenol reacts with cysteine in a definite stoichiometric relation. 
The dibromoindophenol is reduced and the cysteine is oxidized in 
equivalent amounts. Other dyes were substituted for dibromo- 
indophenol and among these indigo carmine was used. It was 
then found that although cysteine could rapidly reduce the 
derivatives of indophenol, it was unable to reduce indigo carmine. 
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Addition of cystine to the cysteine had no effect on the ability of 
cysteine to react with indigo carmine. 

In the course of these experiments, which were repeated several 
times and which were frequently continned for more than 24 hours, 
it was noticed that in two of the eight electrode chambers in the 
thermostat the indigo carmine was reduced after the solutions 
had stood overnight, without oxygen-free nitrogen passing through 
them. Apparently some activating agent was present in these 
two solutions which enabled the cysteine to reduce the indigo 
carmine. The experiment was repeated, the solutions being 
allowed to stand overnight without oxygen-free nitrogen passing 
through them. On the following morning, as before, two or three 
of the solutions were colorless and all the remaining solutions were 
deep blue. 

On the surface of the solutions which were reduced, there was a 
thin layer of the solution of blue unreduced indigo carmine. This 
suggested that the reduction of the indigo carmine might be ex- 
plained by the presence of minute amounts of oxygen, this being 
the most probable agent which could have entered the electrode 
chamber. This observation was confirmed directly as follows: 
The solutions were prepared and allowed to stand for several hours 
in order to show that they would not reduce indigo carmine. The 
reduction of the dye was then brought about by the intentional 
addition of 10 ce. of air, displacing an equivalent amount of 
oxygen-free nitrogen in the space above the solution in the elec- 
trode chamber. When this was done the reducing potential began 
to increase, and after about 2 hours the solution turned greenish- 
yellow in a band about 2 cm. below the surface of the solution. 
This band continued to increase in depth so that the reduction of 
the dye could be followed to the bottom of the electrode chamber. 
The indigo carmine just below the surface of the solution was the 
last to be reduced, but in all the electrode chambers practically 
complete reduction of the dye occurred after the oxygen, from 10 
cc. of air, had been absorbed into the solution. After this experi- 
ment had been repeated many times, the air was added in other 
ways. When the air was mixed with the nitrogen and bubbled 
through the solution, little or no reduction of the indigo carmine 
occurred. The explanation for the retarding effect of stirring 
during the addition of oxygen was not secured for many weeks. 
This 1s discussed further on. 
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During the early experiments, the activating influence of oxygen 
on a solution containing cysteine and indigo carmine was shown 
by preparing the solutions in an empirical way. The buffer was 
thoroughly deoxygenated with oxygen-free nitrogen and the 
cysteine solution in the form of its hydrochloride was also de- 
oxygenated; they were then mixed and a solution of oxygen-free 
indigo carmine in varying amounts was added to the solution. 
The nitrogen above the solution was then displaced with air, and 
the electrode chambers were permitted to stand without agitation 
until reduction of the indigo carmine occurred. 

All of our results indicated that molecular oxygen was indis- 
pensable for the activation of cysteine, enabling it to reduce indigo 
carmine; and, since Thurlow has shown that oxygen reacts with 
reduced glutathione, forming hydrogen dioxide, the next step 
in the investigation was to add hydrogen dioxide, instead of 
molecular oxygen, to the solutions of cysteine (1). Hydrogen 
dioxide 0.01 N was therefore added to solutions of cysteine, and 
after some time indigo carmine was added. No reduction of the 
indigo carmine occurred. The indigo carmine was then added 
to the cysteine solution before the hydrogen dioxide. With the 
conditions thus produced, the indigo carmine was reduced almost 
immediately, providing sufficient hydrogen dioxide had been_ 
used. If small amounts of hydrogen dioxide were used the reduc- 
tion occurred more slowly, and if the solutions were agitated the 
reduction was retarded in proportion to the agitation. The effect 
of agitation, preventing molecular oxygen from activating the 
solution described above, was therefore confirmed by the use of 
hydrogen dioxide instead of molecular oxygen. 

These results indicate the existence of an essential intermediate 
compound which is formed by the action of hydrogen dioxide on 
cysteine. This compound cannot be an activated form of cysteine 
alone and it cannot be cystine, since mixtures of cysteine and 
cystine are quite without effect upon indigo carmine. ‘The active 
compound, therefore, must be an oxygen addition product which 
is formed by the interaction of hydrogen dioxide and cysteine. 
lor many months we were unable to prepare this compound in the 
absence of indigo carmine. ‘The reason for this is discussed fur- 
theron. The oxygen addition compound is capable of acting as a 
catalytic agent and in its presence cysteine rapidly reduces indigo 
carmine. 
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When the solutions are prepared under proper conditions large 
amounts of indigo carmine are rapidly and completely reduced. 
Under slightly altered conditions, however, cysteine may fail 
completely to reduce indigo carmine. The failure of hydrogen 
dioxide to form the essential intermediate compound under any 
but suitable conditions, even in the presence of indigo carmine, is 
well illustrated by the slow addition of the hydrogen dioxide, 
with agitation, to a solution of cysteine. Under these conditions 
the potential of the solution before the addition of the dioxide 
may be approximately —0.138 volts. Addition of from 1 to 2 ec. 
of 0.01 N hydrogen dioxide solution causes a drop in the potential 
to approximately —0.04 volts, which then slowly rises to —0.136 
volts. If more dioxide is added, the drop in the potential is pro- 
duced, followed by a slow rise to —0.136 volts, which appears to be 
the limiting value under these conditions. ‘This may be repeated 
many times with the same result. ‘The value of —0.136 volts! 
must be the maximal reducing potential of cysteine in the pres- 
ence of not more than 10 per cent of its gram equivalent of 
indigo carmine. 


Equilibrium between Cysteine and Cystine. 


When hydrogen dioxide is added to varying amounts of cysteine 
or when a constant amount of cysteine is treated with varving 
amounts of hydrogen dioxide in such a manner that the oxygen 
addition product is formed, a series of solutions is obtained which 
shows in striking manner that the resulting reducing potential is 
determined by the ratio of the concentrations of eysteine and 
cystine. Although cysteine in the presence of small amounts of 
indigo carmine cannot produce a reducing potential higher than 
—(0.136 volts and although cystine has apparently but little effect 
on the platinum electrode, both cysteine and cystine are brought 
into equilibrium if the oxygen addition product is present in the 
solution. This compound apparently acts as an essential link 
between the oxidized and reduced forms of the SH grouping. 

12 ec. of 0.1 N cysteine and 1.4 ec. of 0.1 N indigo carmine in each 
of four electrode chambers were treated with 1, 2, 4, and 6 ee. of 


1 The potential is also dependent on the pH of the solution. For details 
see Experimental. 


if 
is 
i 
| 


300 Glutathione 


0.01 N hydrogen dioxide, respectively. Four more electrode 
chambers, containing 11, 10, 9, and & ce. of 0.1 N cysteine, re- 
spectively, and 1.4 ec. of 0.1 N indigo carmine, were all treated with 
6 ec. of 0.1 N hydrogen dioxide. In this way a series of solutions 
was obtained in which the ratio of cysteine to cystine varied within 
wide limits. It was found that the potential of the solution con- 
taining 11 cc. of cysteine and | ec. of cystine was much higher than 
the reducing potential of the solution containing 2 cc. of cysteine 
and 6 ce. of cystine, these quantities being approximately the 
amounts formed by the hydrogen dioxide. The reducing potentials 
of the solutions between these two limits corresponded to the 
ratios of the cysteine to cystine present. It is therefore evident 
that the ratio of cysteine to cystine establishes the equilibrium 
point in these solutions. 

If a further addition of indigo carmine is made to the solution 
containing 2 cc. of cysteine and 6 ce. of cystine, it produces but a 
slight drop in the reducing potential of the solution which slowly 
returns to the original value. However, if indigo carmine is 
added to the solution containing 11 ec. of cysteine and 1 ce. of 
cystine, there is a marked drop in the potential followed by a 
prompt return to the high value present before the addition of 
indigo carmine. After the solution has come again to equli- 
librium, the addition of indigo carmine may be repeated without 
appreciable change in the value of the reducing potential, until 
sufficient indigo carmine is added to cause a significant alteration 
in the ratio of the cysteine to cystine. As this ratio becomes 
smaller, the reducing potential of the solution approaches — 0.136 
volts. 


Reversible Reduction-Oxidation System of Cysteine-Cystine. . 


After it had been shown that cysteine cannot reduce indigo 
carmine except In the presence of an oxygen addition product which 
acts as a catalyst, experiments were made to determine whether 
this same compound would act as an agent permitting the reduc- 
tion of cystine by suitable reducing agents. Nowhere in the 
literature have we been able to find any reference to the reduction 
of cystine by organic substances not of animal origin at a temper- 
ature of 30° and a pH of 7.4 (7, 12). It has been shown that SH 
groups and hydrogen sulfide will reduce cystine but no system which 
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is reversible has been described (5). It was therefore with great 
interest that a solution of reduced indigo was added, in an elec- 
trode chamber entirely free from oxygen, to a solution containing 
cysteine, cystine, and the oxygen addition compound. The 
reducing potential of the solution before the addition of the 
reduced indigo was —0.160 volts. The addition of 1 ce. of 0.02 x 
reduced indigo raised the potential to —0.244 volts. After 1 or 2 
minutes, during which time the potential reached a definite peak, 
it began to diminish and after from 10 to 15 minutes the potential 
was approximately the same as it was before the addition of the 
reduced indigo. The change in potential was closely paralleled 
by the separation of indigo. This could be repeated any number 
of times provided sufficient cystine remained in the solution. 

When a solution of reduced indigo is added to a solution of in- 
digo carmine there is no delay in the oxidation of the reduced 
indigo. Deviations from the original oxidizing potential are small 
until after sufficient reduced indigo has been added to influence 
appreciably the ratio of reduced to oxidized indigo carmine. 
However, if a solution of reduced indigo is added to a solution 
containing cysteine, cystine, and the oxygen addition product of 
cysteine, there js a prompt increase in the reducing potential 
depending on the amount of reduced indigo added. The equi- 
librium point is not reached instantly as it is with reduced indigo 
and indigo carmine, but there is a slow drift in the potential toward 
& maximum; the time required to reach this maximum depends 
on the ratio of eysteine to cystine. <A solution containing a large 
proportion of cysteine may require 4 or 5 hours to reach the max- 
imal reading, whereas with a small amount of cysteine and a large 
amount of cystine, the maximal reading may be reached within 2 
minutes. Following the maximal value there is a drop in the 
reducing potential. The velocity of this reaction also depends 
on the ratio of cysteine to cystine and the concentration of the 
oxygen addition product. If the solution contains a large amount 
of the oxygen addition product the reduced indigo will all be 
oxidized within 5 minutes. If, however, the concentration of the 
oxygen addition product is low, several hours may be required 
for the indigo to be completely oxidized. This is in striking con- 
trast to the usual course of chemical reactions; for example, the 
neutralization of acids and alkalies, or the reduction of indigo 
earmine by reduced indigo (Figs. 1 and 2). 
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Source of Oxidizing Power. 


When cysteine, in the presence of the oxygen addition product, 
reduces indigo carmine there can be no doubt that the source of 
the reducing action is the sulfydryl group. After it had been 
shown that reduced indigo could be oxidized by a solution con- 
taining cysteine, cystine, and the oxygen addition product, it 
became necessary to show that the source of energy for the oxida- 
tion of the reduced indigo was the SS grouping. This was readily 
done by determining the condition of the substances in the solu- 
tion. The source of oxidation of the reduced indigo cannot be the 
hydrogen dioxide because the gram equivalents of reduced indigo 
that can be oxidized are many times greater than the gram equiva- 
lents of hydrogen dioxide added. Furthermore, it is impossible 
to regard hydrogen dioxide as the source of oxidation as it would 
rapidly react with cysteine and be completely reduced. The 
high reducing potential of the solution previous to the addition of 
reduced indigo is quantitative evidence that no trace of hydrogen 
dioxide was present. The source of oxidation cannot be indigo 
carmine because the color of the solution shows that the indigo 
carmine is completely reduced. Moreover, the reducing potential 
of the solution proves that indigo carmine is incapable of acting 
as an oxidizing agent. The only remaining source for the oxidizing 
power is the SS grouping. Reduced indigo can be added many 
times to a solution containing a small amount of cysteine and a 
large amount of cystine without material alteration in the velocity 
of oxidation or in the final equilibrium value of the solution, but 
the addition of reduced indigo to a solution containing a large 
amount of cysteine and a small amount of cystine results in a slow 
oxidation of the indigo and an appreciable alteration in the 
equilibrium point of the solution. 

The results with indigo carmine established the fact that the 
energy of the SH grouping can be made available for reduction. 
The oxidation of reduced indigo demonstrated that the energy of 
the SS grouping can be made available for oxidation, and it was 
then easily shown that the same solution containing cysteine, 
cystine, and the oxygen addition product will function either as a 
reducing or an oxidizing agent, depending solely on the addition 
to the solution of substances which change the potentials a little 
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above or below that of the equilibrium point of the solution of 
cysteine-cystine. Since the reducing potential of the solution of 
cysteine-cystine is determined quantitatively, after the formation 
of the oxygen addition compound, by the ratio of cysteine to cys- 
tine, it can be changed only temporarily by the addition of oxi- 
dizing or reducing agents. If indigo carmine is added to such a 
solution the reducing potential drops, but this is soon followed by 
an increase to the value present before the addition of indigo 
earmine. If then reduced indigo is added to the same solution 
there is an increase in the reducing potential followed by a decrease 
until it reaches the value present before the addition of the re- 
duced indigo. 

These results show that a truly reversible system is present and 
that the equilibrium value is reached in either direction with 
surprising promptness and with uncannyaccuracy. Theconstancy 
of the equilibrium point in these solutions which are of a simple 
nature, free from protein and other complex substances, is not 
equaled by any other systems known to the authors. Solutions 
of similar constancy of equilibrium points are found only asso- 
ciated with biologic processes; for example the fixed pH of the 
blood and the normal hemoglobin or blood sugar value. 


Reversible System of Reduced and Oxidized Glutathione. 


After the existence of a reversible system of cysteine and 
cystine in the presence of the oxygen addition product had been 
established, experiments were made with reduced and oxidized 
glutathione. The results obtained were similar to those obtained 
with cysteine and cystine. Solutions having a fixed equilibrium 
point were produced, which would oxidize reduced indigo and re- 
duce indigo carmine in a manner similar to solutions of cysteine 
and cystine (Figs. 3 and 4). There was no appreciable difference 
in the absolute value of the equilibrium points. The most oxidiz- 
ing solutions approached the value of 0.140 volts which is ap- 
proximately the value obtained with cysteine and cystine; however, 
there was one striking difference in the solutions of glutathione 
which appears to be significant. Oxygen can be removed from 
solutions of cysteine and cystine by passing oxygen-free nitrogen 
through the solution for from 40 to 80 minutes. When a solution 
of glutathione, prepared in this manner, is added to indigo car- 
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tion is the correct one. If the solution of glutathione is deoxy- 
genated for from 15 to 20 hours with oxygen-free nitrogen, and the 
indigo carmine contained in a buffered solution of pH 7.4 is 
similarly deoxygenated, the addition of the glutathione to the 
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Fia. 4. Reversible oxidation-reduction in solutions of reduced and 
oxidized glutathione in the presence of the oxygen addition product. 


indigo carmine solution is followed by a decrease in reducing power 
and the indigo carmine remains oxidized for many hours. ‘The 
addition of ferric chloride to such a solution causes a decrease 
in the reducing potential and in fact oxidizes the indigo carmine, 
which has been slightly reduced by the glutathione. This is 


~0.14,— 
—0.20 | 
4 
—0.24; 
ms 
j 


308 Glutathione 


evidence that iron is not an essential in the formation of the oxygen 
addition product (11, 14, 15) (Fig. 5). 

When hydrogen dioxide is added to the solution containing 
completely deoxygenated indigo carmine and glutathione, the 
glutathione is activated in a short time and the color of the solu- 
tion changes in distinct layers, showing the complete reduction 
of the indigo carmine in definite portions of the solution. After 
standing a sufficient length of time the oxygen addition product 
appears to diffuse through the entire solution resulting in complete 
reduction of the indigo carmine. Complete deoxygenation of the 
glutathione appears to cause the solution to become more sluggish 
in its interaction with indigo carmine and hydrogen dioxide and 
the activities of oxygen-free solutions cannot be compared with 
those of freshly prepared solutions containing traces of oxygen. 

The ease with which cysteine solutions can be deoxygenated 
emphasizes the great advantage of working with cysteine during 
the investigation of the factors determining its activity. <A “yes” 
or ‘‘no”’ answer is easily obtained with cysteine and cystine. The 
blue solution of the indigo carmine remains blue for long periods 
of time or it promptly changes to pale yellow. With glutathione 
this is not so, unless it is completely deoxygenated. In the pres- 
ence of minute traces of oxygen, glutathione will reduce indigo 
carmine, and the speed of the reduction is the only indication of a 
change in the activity of the solution. It is impossible, without 
taking extreme precautions, to obtain a “yes” or ‘‘no”’ answer. 


Nature and Chemical Properties of the Functioning Form of Cysteine. 


Certain properties of the oxygen addition product and the 
reducing and oxidizing activities of cysteine and cystine have been 
definitely established, which assist in formulating a working 
hypothesis to explain the activity of the three compounds. At 
no time have we been able to produce a system in which cysteine, 
cystine, and the oxygen addition product are in equilibrium, with 
a lower reducing potential than —0.136 volts. This figure, then, 
must have some quantitative bearing on the reaction. Within 
the limitsfrom —0.136 to —0.300 volts the compound appears to be 
stable for many hours. Below the reducing potential of —0.136 
volts it is unstable and apparently breaks down into cystine and 
water. Although hydrogen dioxide is essential for the formation 
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of this compound, the oxygen addition product is stable and can 
function only in a solution which has such a high reducing potential 
that hydrogen dioxide itself cannot exist. 

If cysteine is present alone in a buffered solution, the reducing 
potential is found to vary from time to time and there is a constant 
drift toward a high reducing potential. If, however, completely 
deoxygenated indigo carmine is added and then a few drops of 
0.01 N hydrogen dioxide are added to the solution, the reducing 
potential drops to a value very near —0.136 volts. The solution 
maintains this value without appreciable drift for many hours. 
Irom these experiments it may be concluded that in a solution 
buffered to pH 7.4, —0.136 volts is the reducing potential which 
can be produced by cysteine in the absence of the oxygen addition 
product. The corresponding figure for glutathione is approxi- 
mately 0.150 volts. A solution with this reducing potential cannot 
completely reduce indigo carmine. 

The stability of the CSS grouping is made manifest in striking 
manner by its inability to oxidize reduced indigo. Cysteine and 
cystine alone, therefore, do not form a reversible oxidation-reduc- 
tion system. It can readily be shown, however, that the oxygen 
addition product will act as an agent permitting both reduction 
and oxidation, and its properties can be summarized in the state- 
ment that it behaves toward oxidizing and reducing substances 
and affects the platinum electrode in a manner entirely similar 
to other compounds which form reversible oxidation-reduction 
systems. This can occur only with a compound which can exist 
in a reduced and oxidized form. 

In order to visualize more clearly the chemical properties of the 
oxygen addition product of cysteine, two possible structures of the 
molecule were considered, depending on whether oxygen or hydro- 
gen dioxide combines with cysteine (8). 
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If formula I is correct, but a single product can result from its 
oxidation. By the loss of two atoms of hydrogen two molecules 
will combine: 


O 

C-S 

O 
2C-S8 
O 


As will be pointed out later, however, a compound with this strue- 
ture could not possess the properties which the oxygen addition 
product can be Jshown to have. A compound with formula II 
would be a substance which could exist in both reduced and ox- 
idized forms. In the presence of mild oxidizing agents the four 
atoms of hydrogen could be removed anil the molecule would 


become 


C— 


C-S 


This would involve the loss of two negative valence bonds in the 
atom of sulfur. The molecule existing in its oxidized form, how- 
ever, could readily be reduced back to its tetrahydro derivative 
in the presence of hydrogen donators. 

The known limits for the activity of the compound in regard 
to the oxidation and reduction potentials furnish a quantitative 
interpretation for this action. That the oxygen addition product 
of cysteine will act catalytically, permitting the reduction of indigo 
carmine, is’ shown by the fact that the addition of hydrogen 
dioxide will bring about the reduction of many times the equivalent 
amount of indigo carmine. The amount of indigo carmine that 
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ean be reduced is related to the amount of cysteine in solution. 
However, the velocity of reduction of the 1adigo carmine is deter- 
mined by the concentration of the oxygen addition product. 
The only explanation of the reduction of indigo carmine, therefore, 
is that the cysteine acts through the oxygen addition product 
which makes available the hydrogen of the sulfydryl group of eys- 
teine. Therefore, one of the chemical properties of the oxygen ad- 
dition product which must be accepted is that it will interact with 
cysteine and thereby sensitize the hydrogen of the sulfydryl group 
to a state of reactivity sufficient to reduce indigo carmine. If 
two molecules of cysteine combine with the oxidized form of the 
oxygen addition product, the molecule becomes 


H 
C-S-—-S-C 
| 
O O 
| +2CSH > | 
O O 
| | 
C-S-S-C 


H 
III. 


This is a derivative of the tetrahydro form of the oxygen addition 
product in which two of the hydrogen atoms are replaced by two 
positive groups. It is this reaction which would be impossible 
if the oxygen addition product possessed formula I. 

When the reverse reaction is considered, that is, the oxidation of 
reduced indigo by means of cystine, still more striking evidence is 
at hand strengthening the hypothesis that it possesses the structure 
of formula II. Reduced indigo produces in a solution a reducing 
potential which at a pH 7.4 is approximately —0.280 volts. It 
ean readily be shown that at pH 7.4 cystine is stable in the pres- 
ence of reduced indigo unless the oxygen addition product is 
present, in which case the indigo is rapidly oxidized by means of 
the cystine. The function of the oxygen addition product, there- 
fore, cannot be to produce within the solution simply a high 
reducing potential, because this is accomplished through reduced 
indigo. Cystine will oxidize reduced indigo at a reducing potential 
100 millivolts less than the potential given to a solution by means 
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of reduced indigo alone. For these reasons it is necessary to 
assign to the oxygen addition product a unique power for inter- 
acting with cystine. This explanation is easily given provided 
the compound possesses the structure of formula II. 

In a solution with a reducing potential in the neighborhood of 
— 0.136 volts, the oxygen addition product will exist largely in its 
oxidized form. If reduced indigo is added to the solution, the 
reducing potential immediately increases. The change in reduc- 
ing potential produces a change in the valence of the sulfur atoms 
in the oxygen addition product. Each atom of sulfur tends to 
go to a higher negative valence but the group which combines: 
with the sulfur is dependent on the concentration of cystine. The 
partially hydrogenated molecule resulting from interaction be- 
tween reduced indigo and the oxygen addition product may react 
with cystine. 


H H 
| | 

C-S--- S-C C-S-—-S-C C-S 
| | | 
O O O 

+ 2H | + | + 2C-—SH 

O O O 
| | 

C-S--- S-C C-S-—-S-C C-s 
| | 
H H 


In the solution under consideration the reducing potential is low 
and the dihydrodisulfydryl radical derivative of the oxygen 
addition product is unstable, readily breaking down as cysteine 
and again forming the oxidized form of the oxygen addition 
product. 

If, however, this same reaction is pictured occurring in a solution 
with a reducing potential near —0.260 volts, cysteine is present 
in a higher concentration than is cystine; in this condition the 
partially hydrogenated oxygen addition product would not react 
with cystine but could take up a second atom of hydrogen and form : 
the tetrahydro derivative. The formation of the tetrahydro i 
derivative is indicated by the fact that the solution develops a 
high reducing potential after the addition of the reduced indigo 
which is very slowly oxidized. However, the addition of indigo 
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carmine to such a solution is followed by a rapid reduction of the 
indigo carmine. 

These reactions show that the latent oxidizing and reducing 
energy of the solution is made available through the oxygen 
addition product. Although cysteine and cystine alone cannot 
form a reversible oxidation-reduction system, the oxygen addition 
product in its oxidized and reduced forms does constitute such a 
system. Cysteine and cystine in solution under its influence 
act simply as reducing and oxidizing agents, and thus establish 
the equilibrium point. Under no conditions, however, can cys- 
teine and cystine alone function as the agents which allow the 
system to be reversed. 

The system, therefore, acts somewhat like buffers for the regula- 
tion of the concentration of hydrogen ions. However, there are 
striking differences indicating that the equilibrium is more fixed 
and is established by a different mechanism than in simple buffered 
solutions regulating the interactions of acids and bases. There is 
no buffered solution described, consisting of three components, 
which works in such a manner that to change from the first to the 
third component necessitates interaction with the second; but 
this appears to be the simplest possible mechanism that can 
explain the results obtained with cysteine, cystine, and the 
oxygen addition product. 

Any compound which can act as a hydrogen donator added to 
the solution produces a high reducing potential, but before the 
added substance can react with the cystine present, it is necessary 
first to have its available hydrogen add to the CSOOSC grouping. 

When the oxygen addition product formed by the action of hydro- 
gen dioxide on cysteine is recognized as a substance which can 
form a reversible oxidation-reduction system, the significance of 
the value —0.136 volts, which is the lower limit at which this sys- 
tem can exist, becomes more apparent. It is obvious that, if 
cysteine is one of the reaction products of the oxidation of a 
hydrogen donator by cystine, the reducing potential of the solu- 
tion can never be lower than the minimal value which is established 
by cysteine itself. At a pH of 7.4 this value is close to —0.136 
volts. 

Evidence that cystine is the source of the oxidizing power con- 
verting the hydrogen donator, reduced indigo, into indigo, and 
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that the other product of this reaction is cysteine, is furnished 
by the fact that the value —0.136 volts is the equilibrium point 
approached by a solution containing cystine in large amount, 
cysteine in small amount, and the oxygen addition product, after 
the reducing potential has been raised to a high figure by the 
addition of reduced indigo. 


Reducing Potentials of Solutions of Cysteine. 


When cysteine or a mixture of cysteine and cystine is dissolved 
in a solution buffered to pH 7.4 and oxygen is excluded from the 
solution, the potential slowly increases. Dixon and Quastel first 
pointed out this change in potential and suggested the use of gold 
electrodes in order to overcome the technical difficulties in working 
with this substance (4). The potential drift in solutions of cys- 
teine has been observed many tin es during this investigation, but 
until the properties of the oxygen addition product of cysteine 
had been established no explanation could be given. It now 
seems probable that the changing potential is caused by a change 
in the sulfydryl group of cysteine (5). 

If two molecules of cysteine react with each other, a compound 
will result having the structure 


C-S 


This formula resembles the structure assigned to the oxygen addi- 
tion product of cysteine and it would probably have reducing 
properties which are much more marked than those of cysteine 
itself. The addition of a small amount of indigo carmine would 
react with this addition product of two molecules of cysteine and 
immediately eliminate the high reducing potential of the solution. 
Whether more of this addition product is then formed appears to 
depend on the substances in the solution. In the presence of small 
amounts of indigo carmine, the high reducing potential is not 
again developed. When hydrogen dioxide, dibromoindophenol, 
1-naphthol-2-sulfonate-indo-2,6-dichlorophenol, or methylene blue, 
are added to solutions of cysteine the potential decreases im- 
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mediately, but as soon as the dioxide or dye has been reduced the 
former high potential is manifested, 


Formation of a Sulfur Addition Protluct with Cysteine. 


During the investigation of the reversible system of cysteine- 
cystine and the oxygen addition product, it was observed on more 
than one occasion that after the solutions had stood for 48 hours 
hydrogen sulfide was given off. It was simultaneously noted that 
the solution manifested increased activity in the oxidation of 
reduced indigo. Under no condition could hydrogen sulfide be 
regarded as the source of the increased oxidizing power of the solu- 
tion, but the observation suggested the investigation of other 
sulfur compounds in the presence of cysteine and cystine. If 
hydrogen dioxide can combine with cysteine and form an oxygen 
addition product, hydrogen disulfide should be capable of forming 
an analogous sulfur compound. 

In order to determine this, solutions of cysteine and cystine 
were prepared and to them 0.01 N sodium disulfide was added in 
amounts of 5 and 10 cc. Indigo carmine was then added but no 
reduction of the dye occurred. This experiment was repeated, 
but the indigo carmine was first added to the cysteine and cystine 
solutions before the addition of the sodium disulfide in the same 
amounts as before. Prompt reduction of the indigo carmine 
resulted. Further investigation showed that sodium disulfide 
reacts with cysteine forming an addition product similar in chem- 
ical properties to the oxygen addition product of cysteine. That 
cysteine reacts with sodium disulfide in the same manner as it does 
with hydrogen dioxide, is indicated by the fact that it is essential 
to have indigo carmine present in the solution when sodium di- 
sulfide 1s added. | 

If 0.01 N sodium disulfide is added to water buffered to pH 7.4 
with phosphate, sulfur is precipitated and forms a milky sus- 
pension. In this finely divided form it remains in suspension for 
along time. When cysteine was present in the solution, however, 
no turbidity was noticed, and it was then shown that if sodium 
disulfide is added to the buffer solution and the sulfur is precipi- 
tated, addition of cystine to the solution promptly brings about 
complete solution of the precipitated sulfur, resulting in a clear, 
colorless solution. This is further evidence of the combination 
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of sulfur with cystine, although of course it does not explain the 
chemical nature of the groups formed by the addition of sulfur. 

The velocity of reduction of indigo carmine and oxidation of 
reduced indigo by cysteine-cystine and by GSH, GSS, which had 
been activated with sodium disulfide, is of the same order as the 
velocity of these reactions after activation with hydrogen dioxide. 
Whether selenium and tellurium would act in the same manner 
has not been determined (Figs. 6 and 7). 
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ia. 8. Reduced indigo is oxidized by sodium disulfide. 


Change in the Valence of Sulfur in Reversible Oxidation- 
fteduction Systems. 


It has been shown that cysteine and cystine can be brought into 
equilibrium with each other by the presence of an oxygen or sulfur 
addition product, and the chemical properties of the addition 
| products indicate that they can exist in oxidized and reduced 
forms, which are sensitive to reducing and oxidizing substances 
in the solution. This can be interpreted only by a change in the 
valence of the sulfuratom. Since the ultimate source of oxidation 
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and reduction in this system resides in the sulfur, still simpler forms 
of sulfur compounds should show similar oxidizing and reducing 
power. That this is true, may be demonstrated with a dilute 
solution of sodium disulfide alone. A 0.0L N solution of sodium 
disulfide added to a solution buffered to pH 7.4 in an electrode 
chamber free from oxygen will oxidize reduced indigo, precipitating 
indigo from solution and will establish an equilibrium point in the 
scale of oxidation-reduction potentials, which is similar to the 
equilibrium point of solutions of cysteine and eystine (Fig. 8). 
Teeble ability to reduce indigo carmine and approach the same 
equilibrium point can also be shown. All of the oxidizing-reducing 
activity of the substances discussed in this paper may be directly 
related to a change in the valence of the atom of sulfur in the 
compounds. Under certain conditions the sulfur is capable of 
existing in such a form that it tends to change its valence and 
develop two negative valence bonds which are either maintained 
or lost, depending on the presence of other substances in the 
‘solution. The reason why cysteine and cystine do not of them- 
selves reduce indigo carmine or oxidize reduced indigo, is because 
the sulfur in these molecules cannot change its valence, except 
under what may be called extreme treatment, as with tin and 
mineral acid. When hydrogen dioxide or sodium disulfide have 
been added to cysteine, the sulfur atom can respond to changes In 
oxidizing-reducing potentials in the solution, and the mechanism 
of the response consists in the utilization of the valence bonds 
which manifest their activity under the influence of the groups 
attached to the sulfur atom. 


Function of Indigo Carmine in the Production of the Oxygen or 
Sulfur Addition Product. 


A summary of the results shows that in no case has the oxygen 
addition product been produced either from cysteine or reduced 
glutathione in the absence of indigo carmine or some other hydro- 
gen acceptor. Indigo carmine is as essential with sodium disulfide 
as it is with hydrogen dioxide. Our interpretation of this experi- 
mental result is as follows: When hydrogen dioxide or sodium 
cisulfide reacts with cysteine or reduced glutathione, the im- 
mediate result of the action is the production of the tetrahydro 
derivative of the oxygen or sulfur addition product and this sub- 
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stance, unless It can be oxidized, immediately decomposes forming 
water or hydrogen sulfide and the S-S grouping. The function of 
indigo carmine is to act asa hydrogen acceptor for the tetrahydro 
derivative. The oxidized form of the oxygen addition product 
may then exist either as such or react with evsteine or reduced 
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Iria. 9. Chart 1. Oxidized glutathione cannot oxidize reduced indigo 
in the absence of the oxygen addition product. Chart 2. Formaticn of the 
oxygen addition product from molecular oxygen in a solution containing 
reduced glutathione and indigo carmine. 


glutathione and be converted into the dihydrodisulfydryl radical] 
derivative (formula III), the degree of oxidation of the oxygen 
t addition product depending entirely upon the constituents of the 
solution. The reduced indigo carmine, which is formed, prevents 
the reducing potential from dropping below the value —0.136 
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volts, and it produces a poising effect in the solutions which 
stabilizes the oxygen addition product. 


If the oxygen addition product has any significant bearing on 


oxidation in the animal organism, some substance other than 
indigo carmine must serve this purpose. The indispensable 
poising effect of indigo carmine in our solutions permits the forma- 
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Fig. 10. Cystine and oxidized glutathione cannot oxidize reduced indigo, 
and cysteine cannot reduce indigo carmine, even after the addition of 
sodium disulfide to the solution, if the sulfur addition product is not 
formed. 


tion of the oxygen addition product in sufficient concentration to 
demonstrate its catalytic nature and its ability to establish in the 
solution a reversible oxidation-reduction system. 

For many months after the existence of the oxygen addition 
product had been shown, it was always prepared through the 
interaction with indigo carmine. Although this procedure gave 
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satisfactory solutions, it did not explain the reactions involved. 
Other substances used, in attempts to produce the oxygen addition 
product in the absence of indigo carmine, were dibromoindophenol, 
naphthol indodichlorophenol, and methylene blue (Figs. 9 and 10). 
It was impossible to demonstrate the presence of the oxygen addi- 
tion product when any one of these three dyes was used in place of 
indigo carmine. Since all of these substances are rapidly reduced 
by cysteine, and since the oxygen addition product cannot be 
formed in the presence of reduced indigo carmine, the failure of the 
other hydrogen acceptors to produce the oxygen addition product 
appeared to be because they are so easily reduced. This was 
shown to be true by mixing the hydrogen dioxide with the dyes 
and then adding the solution on top of the solution of cysteine and 
cystine in the electrode chamber without agitation, and without 
mixing the two layers. After several hours, the electrode cham- 
bers were agitated and it was then found that the solutions mani- 
fested typical poising action and showed the presence of the oxygen 
addition product. This was done with dibromoindophenol and 
naphthol indodichlorophenol. A slight trace only of the oxygen 
addition product was apparently produced when methylene blue 
was substituted for indigo carmine. 

The effect of the physical state in the formation of the oxygen 
- addition product and the narrow limits within which it is necessary 
to work suggest that in physiologic processes, cell membranes and 
the physical condition of the medium are important factors influ- 
encing the activation of glutathione and possibly other substances 
of similar nature (10). 

Preliminary experiments have shown that after a suspension of 
yeast has been boiled in the absence of oxygen, nothing is present 
in the solution which can reduce indigo carmine. If to such a 
solution oxygen-free cysteine and cystine are added, there is also 
no reduction of the dye, but the subsequent addition of a small 
amount of hydrogen dioxide or molecular oxygen results in an 
almost immediate reduction of the indigo carmine. 


Apparatus and Materials. 


The apparatus used for this work was similar to that described 
in an article concerning the oxidation and reduction potentials of 
2-oxydihydroindole-3-propionic acid (9). In place of the mercury 
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seal, however, a copper tube of 6 mm. bore, which permitted the 
raising and lowering of the electrode chambers without interrup- 
tion of the flow of nitrogen, was arranged in such a manner that 
two coils placed in the line of the tubing absorbed any of the strain 
resulting from raising the electrode chamber. The copper tube 
was connected with a Pyrex stop-cock and delivery tube. Light 
electrode chambers were placed side by side in the thermostat 
instead of four, and two movable burettes greatly facilitated the 
addition of the various solutions to the electrode chambers. The 
temperature of the thermostat was kept at 30° + 0.1°. The 
electrode chambers were made out of 10 oz. Hygeia nursing 
bottles, which fitted into a No. 10 solid rubber stopper. Through 
the stopper five straight holes with smooth walls were drilled; in 
four of these holes tubes were placed to admit the nitrogen, to 
hold the platinum electrode, to connect with the salt bridge into 
which the calomel electrode dipped, and to give an exit for the 
nitrogen. The fifth hole was used when solutions were added 
to the electrode chamber from the movable burettes. This was 
sealed with a glass rod except when the burette was attached to the 
electrode chamber. A Leeds and Northrup type K potentiometer 
was used, and a type G galvanometer. The single electrode 
potential of the normal hydrogen electrode being designated as 
zero, the reference standard for this work was a hydrogen electrode 
in 0.05M potassium acid phthalate at 30°, which gave a potential 
difference against saturated calomel electrodes very close to 
(lark’s value of 0.4827 volts (2)... Accordingly the value of —0.244 
was assumed for the saturated calomel electrodes used. 

The results described in this paper could not have been deter- 
mined except with an apparatus arranged in such a manner that 
the color of the solutions in the electrode chambers could be seen 
at any time desired. Reducing potentials, in relation to color 
changes, always showed a corresponding value. It was especially 
desirable to watch the precipitation of indigo from a solution of 
reduced indigo when it was oxidized with cystine, and it is doubtful 
whether the chemical properties of the oxygen addition product 
could have been established without the use of an apparatus which 
permitted the direct observation of the contents of the electrode 
chambers whenever it seemed desirable. 

When the electrode chamber was raised, contact between the 
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salt bridge and the cup containing potassium chloride which com- 
municated with the calomel half-cell was interrupted, and during 
this brief interval it was impossible to determine the reducing 
potential. 

The cystine and cysteine hydrochloride were both prepared in 
this laboratory and were freed from iron through treatment of their 
barium salt with hydrogen sulfide (6). The glutathione was pre- 
pared from yeast. It was rendered iron-free by the same tech- 
nique used for cysteine and cystine. The indigo and indigo ecar- 
mine were commercial samples. The dibromoindophenol and 
l-naphthol-2-sulfonate, indo-2,6-dichlorophenol were prepared 
by Kk. J. Witzemann after methods indicated by Clark (3). The 
preparation of reduced indigo has been deseribed (9). 


EXPERIMENTAL. 


During the investigation of the oxidation-reduction potentials 
of solutions containing cysteine and cystine, a large number of 
results have been obtained which it will be impossible to publish 
in detail. In Table I is given the concentration of all the sub- 
stances placed in the electrode chambers for the experiments 
charted in Figs. 1 to 10. 


ITydrogen Ion Concentrations of the Solutions. 


80 cc. of M/15 disodium phosphate and 20 ce. of M/15 potassium 
dihydrogen phosphate giving a pH of 7.4 were used in each experi- 
ment. To this the cysteine hydrochloride, the sodium salt of 
evstine, or GSH and GSS solutions, were added and in addition 
sufficient 0.10 N sodium hydroxide to neutralize all or part of the 
hydrochloride of cysteine or the acidity of the GSH and Gss 
solutions. The hydrogen ion of the solutions was maintained the 
same throughout all of the electrode chambers except in Fig. 8. 
The difference between the total acid and the total alkali added 
was 6 ec. of 0.10 N acid in all solutions except those represented in 
lig. 8. The total acid was the concentration of cysteine hydro- 
chloride, GSH and GSS, and a small amount of mineral acid in the 
(:SH and GSS; the total alkalinity was the sodium salt of evstine 
and the added sodium hydroxide. In Fig. 8 there was no excess 
acid in solutions represented in Charts 2 and 4, and there were 
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TABLE I. 
Concentrations of Substances in Electrode Chambers. 
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TABLE I—Concluded. 


2 
o6 
on 
Cysteine (CSH) | Hydrogen dioxide 0.1 
or reduced glutathione No als 5 | oOrsodium disulfide & 
ro) Z 3 
cc.0.1N cc.0.1N ce. 0.085 N 
8 4 0 0 NaoS: See chart.| 1.5 
2 4. 5 0 0 
10 1 GSH 6 GSS 6 0 
2 CSH 6 Css 6 0 
3 6 GSS 6 0 
4 CSH 6 CSS 6 0 


12 ce. of 0.10 N acid in the solutions represented in Charts 1 
and 3. The change in potential after the addition of 6 ec. of 
0.10 N H2SO, is shown in Figs. 3 and 5. 

In order to conserve space, the following letters have been used 
to designate the solutions added to the electrode chambers and 
procedures followed. C, ec. of 0.10 N hydrogen dioxide. D, 
ee. of 0.01 N sodium disulfide. I, agitation of the solution was 
started by the bubbling of oxygen-free nitrogen. I’, agitation of 
solution was stopped by stopping the flow of oxygen-free nitrogen. 
H, ce. of 0.01 Nn dibromo indophenol. J, ec. of 0.10 N sulfuric 
acid. L, ec. of 0.10 N reduced glutathione. M, ee. of 0.0175 N 
reduced indigo carmine. N, ce. of 0.01 N ferric chloride. 

The two solutions most frequently added to the electrode 
chambers, in order to determine the oxidizing and reducing power 
of the solutions, were 0.035 N indigo carmine and 0.02 N reduced 
indigo. In all the figures, all sharp turns in the curves not marked 
by a letter, or number, are caused by the addition of either indigo 
carmine or reduced indigo in 1 ce. portions. If more than 1 ce. 
of reduced indigo was added, the volume in ce. is recorded on the 
charts by a single number, not followed by a letter, above the line 
of the curve; all decreases in potential were brought about by the 
addition of 1 ce. portions of 0.035 N indigo carmine, unless other- 
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wise noted, by a single number /elow the line of the curve. The 
addition and volume of all solutions except indigo carmine and 
reduced indigo are designated by a number and letter. Wherever 
uncertainty arises, because of the simultaneous agitation of the 
solution and the addition of reduced indigo or indigo carmine, a 
note will be found in the experimental details of the figures. 


Experimental Details of Fiqures. 


It has been impossible to place the first part of the curve in all 
the charts of Figs. 1, 2,3, and 4. The solutions were prepared by 
adding the volume of hydrogen dioxide shown in Table I to the 
electrode chamber and allowing the solution to stand without 
agitation until the indigo carmine present was reduced. Agitation 
was then produced by bubbling nitrogen through the solution. 
Unless the solutions were allowed to stand during the action of the 
hydrogen dioxide without agitation, no poising action could be 
demonstrated, unless large volumes of hydrogen dioxide were 
added. 

lig. 1. 1 ce. of reduced indigo was added (Chart 1) at 2 hours 
and 50 minutes, and at 22 hours and 12 minutes. All other sharp 
increases in reducing potentials were caused by the addition of 
reduced indigo in 1 ee. portions or in the amounts indicated by 
single number not followed by a letter, above the line of the curve. 
1 ee. of reduced indigo was added in Chart 3, at 22 hours and 12 
minutes, and in Chart 4, at 22 hours and 15 minutes. The 0.10 
N sulfuric acid added in Charts 2, 3, and 4 at about the 26th hour 
was used to neutralize the alkali added in the solutions of reduced 
indigo. 

Tig. 2. 1 ec. of reduced indigo was added at 22 hours and 24 
minutes, In Charts 1, 2, and 3. 2 ec. of indigo carmine were 
added, Chart 3, at 28 hours and 55 minutes, and 1 ec. of indigo 
carmine was added to the solution represented by Chart 4 at 30 
hours and 36 minutes. The 0.10 N sulfuric acid added at about the 
29th hour in Charts 2, 3, and 4 was to neutralize the alkali added 
in the solution of reduced indigo. 

Fig. 3. Chart 1. 6 ec. of 0.10 N sulfurie acid caused the de- 
crease in reducing potential, at 21 hours, 5 minutes. 1 ee. of indigo 
carmine was added at the 22nd hour in Chart 1, producing the 
decrease in potential. In Chart 2, 1 ec. of reduced indigo and 
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not agitation at 2 hours and 10 minutes produced the increase 
in potential. 6 ce. of 0.10 N sulfuric acid only were added at the 
2ist hour. In Chart 3, the decrease in reducing potential at 21 
hours and 12 minutes was brought about by 6 ce. of 0.10 N sulfuric 
acid only. 

lig. 4. The change in potential at 2 hours and 12 minutes in 
(‘hart 1, was brought about by agitation and the decrease in poten- 
tial at 21 hours and 5 minutes was caused by the addition of 6 ce. 
of 0.10 N sulfurie acid alone. In Chart 2, agitation produced a 
relatively large drop in reducing potential; this was due to the 
fact that when the solution stands without agitation, the reducing 
potential varies markedly in different parts of the solution. In 
Charts 2 and 3, 6 ec. of 0.10 N sulfurie acid caused the drop in 
potential at 21 hours and 12 minutes. 

lig. 6. Chart 4. The sudden increase at 2 hours and 49 minutes 
is due to agitation and not the addition of reduced indigo. 

hig. 7. Chart 4. The increase in potential at 2 hours and 40 
minutes is due to agitation only. 

Fig. 8. All inereases in reducing potential were brought about 
by the addition of 1 ec. of 0.02 reduced indigo, except where the 
volume added is shown by a single number not followed by a 
letter. 

Fig.9. Chart 1. The decrease in potential in Chart 1, at O hour 
and 12 minutes, and at 3 hours and 24 minutes, Is due to dibromo- 
indophenol. ‘The increase in potential at 15 hours and 40 min- 
utes, and at 40 hours and 20 minutes, is due to agitation alone. 
Chart 2. The increase in potential between 15 hours and 40 min- 
utes and 18 hours is due to agitation alone. The decrease in 
potential at the 40th hour, is due to agitation alone. 

lig. 10. Chart 2. The sudden increase in potential at 3 hours 
and 12 minutes was brought about by 1 ec. of reduced indigo and 
not by agitation of the solution. 1 ce. of reduced indigo was also 
added at the 3rd hour in Chart 4, causing the increase. 


DISCUSSION, 


After the factors influencing the activity of the various con- 
stituents had been determined, many of the early results were 
shown to be of little value. Forty-two typical experiments are 
given in detail, and negative results will be stated without tabula- 
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tion or presentation in a chart. The data presented have been 
chosen to show the following: Figs. 1 and 2, reversible oxidation- 
reduction in solutions of cysteine and cystine in the presence of 
the oxygen addition product. Figs. 3 and 4, reversible oxidation- 
reduction in solutions of reduced and oxidized glutathione in the 
presence of the oxygen addition product. Fig. 5, the inability of 
reduced glutathione to reduce indigo carmine completely in the 
absence of traces of oxygen, hydrogen dioxide, or sodium disulfide. 
Fig. 6, reversible oxidation-reduction in solutions of cysteine and 
cystine in the presence of the sulfur addition product. Fig. 7, 
reversible oxidation-reduction in solutions of reduced and oxidized 
glutathione in the presence of the sulfur addition product. Fig. 8, 
the oxidation of reduced indigo by sodium disulfide. Fig. 9, 
Chart 1, the inability of oxidized glutathione to oxidize reduced 
indigo in the absence of the oxygen addition product; Chart 2, 
formation of the oxygen addition product from molecular oxygen 
in a solution containing reduced glutathione and indigo carmine. 
Fig. 10, the inability of cystine and oxidized glutathione to oxidize 
reduced indigo, and of cysteine to reduce indigo carmine, even 
after the addition of sodium disulfide to the solution, if the sulfur 
addition product is not formed. 

lurther details of the work also presented in the charts are: 

The change in the equilibrium point of the solutions, varying 
with the ratio of cysteine to cystine or GSH to GSS. See Figs. 
1 to 4, 6 and 7. 

Figs. 1 and 2 show the reversible oxidation-reduction system 
with cysteine, cystine, and the oxygen addition product. As the 
concentration of cysteine decreases and that of cystine increases, 
the oxidation-reduction potential at the equilibrium point of the 
solution decreases. 

The slow oxidation of reduced indigo in the presence of a large 
amount of cysteine, or (SH, but the rapid oxidation of reduced 
indigo in the presence of a large amount of cystine or GSS (Figs. 
1 to 4, 6, and 7). 

The rapid reduction of indigo carmine in the presence of a large 
amount of cysteine, or GSH, and the slow reduction of indigo car- 
mine in the presence of a large amount of cystine, or GSS (Figs. 
1 to 4, 6, and 7). 

Increase in Reducing Potential after Addition of Hydrogen Di- 
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oxide.—The steep slopes in the curves on the charts in Figs. 1 to 5 
show the rapid production of a high reducing potential after the 
addition of the hydrogen dioxide. 

The increase in reducing potential after addition of sodium disulfide 
is shown in Figs. 5 and 6. It has been possible to show the entire 
change in oxidation-reduction potentials. The velocity of increase 
in potential when sodium disulfide was added to the solution 
was of the same order as the velocity of increase of the reducing 
potential when hydrogen dioxide was used. In Fig. 6, Charts 1 
to 4, the addition of sodium disulfide to the solutions of cysteine 
and cystine did not produce even a momentary decrease in the 
potential. As the concentration of cysteine diminished, a momen- 
tary decrease in the potential became evident. This is shown in 
Fig. 6, Charts 5 to 8. When sodium disulfide was added to GSH 
and GSS, however, no decrease in the potential was produced, 
even in the solutions containing but a small amount of GSH (see 
Fig. 7). 

Constancy of Potential at the Equilibrium Point.—It is to be 
noted, Fig. 4, Chart 2, that agitation dropped the potential to a 
value which was practically the equilibrium point of the solution, 
as shown by subsequent additions of reduced indigo and indigo 
carmine. Also after the rapid decrease due to agitation, the 
potential did not change during the following 25 minutes. In 
Chart 3, agitation produced very little change in reducing poten- 
tial; the solution appeared to be at its equilibrium point when 
agitation was started. In Charts 1 to 3, the constant value for the 
oxidation-reduction potential between 7 hours and 11 hours and 
30 minutes is to be noted. This emphasizes the stability of the 
solutions and the absence of any tendency for the potential to drift 
after the equilibrium point has been reached. 

Effect of the Sulfur Addition Product on Potential of Solutions 
of Cysteine.—Fig. 7 shows the striking drop in reducing potential 
produced by the addition of indigo carmine and the increase in 
reducing potential following the addition of sodium disulfide. 
A point of great significance which is well illustrated in this figure, 
is the difference between the reducing potential of these six solu- 
tions before the addition of indigo carmine and the equilibrium 
point after the addition of indigo carmine and sodium disulfide. 
In Charts 1, 3, 5, and 6, the equilibrium point is distinctly lower 
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than the potential of the solution before the addition of indigo 
carmine and sodium disulfide. The change in the potential pro- 
duced by the oxygen or sulfur addition product has been noted 
many times, and is explained by the failure of cystine or GSS to 
affect the platinum electrode. After the oxygen or sulfur addition 
product has been formed, the equilibrium point of the solution 
may or may not be the same as before its preparation, depending 
on whether the solution of cysteine, or of GSH, had reached its 
equilibrium point. 

The decrease in potential when sodium disulfide 7s added to solu- 
tions of cysteine and glutathione, in the absence of indigo carmine, 
is well shown in Fig. 10. Sodium disulfide added to cysteine or 
glutathione solutions in the absence of indigo carmine produces a 
decrease In reducing potential and the addition of reduced indigo 
is not followed by any poising action. A slow increase in reducing 
potential may follow the addition of reduced indigo to such a 
solution, as is shown in Fig. 10, Charts 1 and 4. _ The addition of 
indigo carmine to such a solution is not followed by reduction of the 
indigo ecarmine. ‘This is shown in lig. 10, Charts 2 and 4. 

The sulfur addition product is not formed in the presence of re- 
duced indigo carmine (Fig. 10, Chart 2). 4 ee. of 0.0175 N, reduced 
indigo carmine were added to the solution just preceding the 
addition of 10 ec. of 0.01 N sodium disulfide. The sulfur addition 
product did not form in the presence of the reduced indigo carmine. 
The influence of indigo carmine on the formation of the sulfur 
addition product is shown by a comparison of the curves given in 
lig. 10 with the curves in ligs.6and7. The only difference in the 
solutions is the presence of indigo carmine (Iigs. 6 and 7) and the 
absence of indigo carmine (Fig. 10). 

‘The decrease in potential following the addition of sodium disul- 
fide and the failure of these solutions to reduce indigo carmine or 
oxidize reduced indigo, is striking evidence indicating the necessity 
of indigo carmine or other hydrogen acceptor in the formation of 
the sulfur addition product. 

GSS cannot oxidize reduced indigo in absence of oxygen addition 
product. During the first 23 hours, Fig. 9, Chart 2, differs from 
(hart | only in the addition of 10 ee. more of indophenol at 3 hours 
and 40 minutes. The larger amount of indophenol, however, 
did not produce any significant change. At 24 hours and 48 min- 
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utes, 8 ce. more of indigo carmine were added (Chart 2), and at the 
27th hour agitation of the solution with nitrogen was stopped, 
and 10 ec. of the nitrogen in the space above the solution in the 
electrode chamber were displaced with air. At the 40th hour, 
the solution was agitated, and a decided drop in reducing potential 
was produced by agitation alone. This is evidence that on the 
surface of the solution the indigo carmine was in the oxidized form, 
and when the solution was agitated, the equilibrium point ulti- 
mately reached was markedly lower than that of the solution in 
contact with the platinum electrode before agitation. It is sig- 
nificant that in Chart 1, the reverse occurred; there was an increase 
in reducing potential produced by agitation. Following the 
addition of 3 ee. of reduced indigo to each of these solutions, there 
was an increase in potential. In Chart 1, no oxidation of the 
indigo occurred during the succeeding 7 hours, but in Chart 2, 
the reduced indigo was oxidized by the oxidized glutathione, which 
was enabled to exert its oxidizing action through the oxygen addi- 
tion product. 2 cc. more of reduced indigo subsequently added 
were also oxidized. The results shown in Fig. 9 typify the progress 
of the work during the early months of this investigation. At 
that time the necessity of the oxygen addition product was not 
recognized and the failure to oxidize reduced indigo in the solution 
represented by Chart 1 was difficult to explain. Convincing evi- 
dence that reduced indigo is stable in the presence of oxidized 
glutathione is shown by the curves in Fig. 9, Charts 1 and 2. 
GSH cannot reduce indigo carmine in the absence of oxygen (Fig. 
5). At the beginning of the experiment Charts 1 and 3 differ from 
Charts 2 and 4 only in the time at which indigo carmine was 
added. In Charts 1 and 3, 4 ec. of indigo carmine were present 
in the electrode chamber, and the addition of 6 ec. of 0.10 N GSH 
caused a drop in potential, followed by a slow increase during the 
succeeding 27 hours in Chart 3, and 30 hours in Chart 1. The 
maximal value in Chart 1 is —0.157 volts, in Chart 3 it is — 0.164 
volts; however, in Charts 2 and 4, GSH in the absence of indigo 
carmine produced reducing potential close to —0.27 volts. These 
results establish the fact that GSH in the absence of oxygen cannot 
reduce indigo carmine and produce a high reducing potential. 
The addition of iron (Charts 3 and 4) did not result in the forma- 
tion of any substance which could reduce indigo carmine. The 
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addition of hydrogen dioxide (Charts 1 and 3), produced a decrease 
and then an increase in potential, which brought the solution back 
to approximately the same potential. It is to be noted, however, 
that the equilibrium point reached in all four solutions, was much 
lower than the potential given by the GSH alone, previous to the 
addition of indigo carmine (Charts 3 and 4). The addition of 
hydrogen dioxide (Charts 2 and 4) and of sodium disulfide (Charts 
1 and 3) caused a reduction of the indigo carmine in each case, so 
that the color of the solution at the equilibrium point was that of 
almost completely reduced indigo carmine. In order to obtain 
solutions of GSH so inactive with indigo carmine, it is necessary 
to deoxygenate the buffers and GSH solutions for many hours. 
Unless this is done, the GSH rapidly reduces indigo carmine. 

The influence of iron is shown in Fig. 5, Charts 3 and 4. 5 ce. 
of 0.01 Nn ferric chloride caused a drop in the reducing potential, 
followed by a slow increase. ‘The presence of iron in the solution 
did not activate the cysteine, so that the indigo carmine was re- 
duced, although the subsequent addition of hydrogen dioxide 
brought about a rapid reduction of the indigo carmine. 

No chart or table giving the details of the following experiments 
will be published. The results were carried out in a manner 
entirely similar to the experiments described in detail. 

The oxygen addition product cannot be formed with hydrogen 
dioxide in the presence of reduced indigo carmine. In solutions 
prepared in identically the same manner as shown in Figs. 1 to 5, 
no oxidation of reduced indigo could be demonstrated if reduced 
indigo carmine was present in the solutions when hydrogen dioxide 
was added. 

No oxygen addition product is formed with hydrogen dioxide and 
cysteine alone, in the absence of indigo carmine or other hydrogen 
acceptor. If any hydrogen acceptor other than indigo carmine is 
used, the results are variable, and often negative. The best 
conditions for the use of other hydrogen acceptors is to mix the 
hydrogen dioxide with the oxidizing dye and add the solution to 
the electrode chamber without agitation, so that a layer is formed 
over the solution. After this has stood for several hours, it is 
gently agitated. Solutions prepared in this way will reduce indigo 
carmine and will oxidize reduced indigo. 

Changing Potentials in Solutions of Cysteine-—The slow drift 
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in the potential with solutions containing cysteine, at pH 7.4, 
may continue for 5 or 6 hours. The value eventually reached 
appears to be of significance, as it can be duplicated. The addition 
of a small amount of indigo carmine to such a solution causes a drop 
in the potential approximately to —0.136 volts. In the presence 
of indigo carmine, the potential does not again reach its former 
high value and will remain at about the value —0.136 for many 
hours. If, however, hydrogen dioxide, naphthol indodichloro- 
phenol, dibromoindophenol, or methylene blue are added to the 
solution instead of indigo carmine, there is a drop in potential, 
which is followed by an increase to the former high value. Indigo 
carmine is the only oxidizing dye which we have investigated which 
is not reduced by cysteine. 


SUMMARY. 


Dixon and Quastel showed that in solutions of cysteine and 
cystine ‘‘continuous and extensive drifts of the potential appear to 
form the main feature of the system if the ordinary platinum calo- 
mel cell be adopted.”’ To overcome the experimental difficulties 
in working with those substances, they suggest the use of a gold 
electrode. Our results confirm those of Dixon and Quastel con- 
cerning the drift in the potential, but it seems more probable that 
the cause for the drift is in changes occurring in the sulfydryl 
group rather than in the influence of the electrode. We have 
been able to obtain solutions in which all drift has been eliminated 
and which gave values that were reproducible by merely allowing 
the solutions to stand several hours until equilibrium was reached. 
The probable change in the sulfydryl group causing the drift 
in the potential is a combination of two molecules of cysteine 
forming a compound for which the following formula is suggested. 


H 
| 
C-S-H 
| 


Dixon and Quastel also showed that cystine has but little effect 
on the platinum or gold electrode and that the reducing potential 
varies with the concentration of the cysteine. Our results confirm 
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their conclusion that cystine does not affect the platinum electrode. 
We have furthermore shown that cystine will not oxidize reduced 
indigo. However, the equation which they suggest for the rela- 
tion between the reducing potential and the concentration of 
cysteine cannot be used as an expression of the activity of the 
system under all conditions. We have found that in the presence 
of indigo carmine, or other hydrogen acceptor, hydrogen dioxide 
and sodium disulfide will react with cysteine forming an addition 
product. In solutions containing cysteine and cystine or GSH 
and GSS with the oxygen or sulfur addition product, the potential 
does not vary with the concentration of cysteine alone, but the 
ratio of cysteine to cystine determines the absolute value of the 
oxidation-reduction potential at the equilibrium point. In such 
a solution reduced indigo is rapidly oxidized, and indigo carmine is 
rapidly reduced. In the absence of the oxygen addition product, 
cysteine cannot reduce indigo carmine, and cystine cannot oxidize 
reduced indigo. 

It is also possible to deoxygenate a solution of reduced gluta- 
thione so that it cannot reduce indigo carmine. If molecular 
oxygen, hydrogen dioxide, or sodium disulfide is added to such a 
solution, the indigo carmine is almost immediately reduced; it is 
furthermore found that solutions thus prepared form a reversible 
oxidation-reduction system. 

The investigations of Thunberg, Meyerhof, Hopkins, Dixon, 
Tunnicliffe, and others have shown that the SS grouping can be 
reduced with sulfydryl groups and can catalyze oxidation in 
boiled muscle and liver preparations. The results recorded in this 
paper extend these observations and establish the conditions neces- 
sary and sufficient to form a reversible oxidation-reduction system 
with reduced and oxidized glutathione. The essential intermedi- 
ate compound of such a reversible system is an oxygen addition 
product of reduced glutathione. Our results further indicate 
that the reduced and oxidized forms of glutathione are relatively 
stable substances in which the atom of sulfur cannot change its 
state of oxidation with sufficient ease to influence physiological 
processes of oxidation and reduction. Under certain narrow but 
definite conditions, glutathione can exist in the form of a highly 
reactive oxygen addition product in which the atom of sulfur 
changes its state of oxidation with every addition of suitable 
oxidizing and reducing substances to the solution. The more 


¥ 


Kk. C. Kendall and IF. F. Nord 337 


stable SH and SS forms of glutathione can react with the oxygen 
addition product, and the three forms of this compound make a 
reversible oxidation-reduction system. The chemical properties 
of the oxygen addition product of glutathione indicate that it is 
the sine qua non of the activity of glutathione in physiological 
processes of oxidation in so far as a reversible system is concerned, 


bo 
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In 1924 Weiss and Rapport (1) discovered that the specific 
dynamic influence of 10 gm. of ingested glycine was completely 
masked if it was given with 40 gm. of casein or gelatin. An ex- 
pected summation of effect did not take place, and the heat pro- 
duction was no greater than when gelatin or casein was given 
alone. It was found that the increase in metabolism after giving 
asparagine with glycine was not significantly different from that 
after giving glycine alone, and therefore asparagine did not neutral- 
ize the specific dynamic action of glycine. It was suggested at 
the time that gelatin and casein might yield certain amino acids or 
polypeptides which, reacting with glycine,- might neutralize its 
effect. This work led us to consider whether it might not be 
possible that glycine, administered per os in the dipeptide form as 
glycyl-glycine, might not in part be absorbed as such and possibly 
show a lesser degree of specific dynamic action than glycine itself. 
A comparison of the metabolism of the two materials forms the 
object of this study. 


* I desire here to express my obligation and gratitude to my friend of 
many years, Professor Max Cremer, of Berlin, through whose gift of suffi- 
cient glycyl-glycine hydrochloride as prepared by Herrn Zerbst, formerly 
of Professor Emil Fischer’s laboratory, this work was made possible. G. L. 

} A paper presented before the XII International Physiological Congress 
held at Stockholm, August 3-6, 1926. 
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Fischer and Bergell (2) state that glyeyl-glycine is not split by trypsin 
in alkaline solution. But Abderhalden and Teruuchi (3) find that the nitro- 
‘gen of ingested glycyl-glycine appears almost entirely as urea in the urine 
of the dog, and in a second paper they report that the intestinal juice 
(erepsin) and the expressed juice of the liver, muscle, and kidney of the 
dog have the power to split gycyl-glycine into glycine. 


Methods. 


The diet of the dog was the “‘standard diet’’ used for many years 
in this laboratory (4, p. 29) and, according to custom, was ad- 
ministered at 5 p.m. daily. The basal metabolism was determined 
during the morning hours, or the substance to be tested was ad- 
ministered at that time. 

10 gm. of glycine were given in 100 ec. of warm water, together 
with 1 gm. of Liebig’s extract of beef. Glycyl-glycine hydro- 
chloride, 11.25 gm., were dissolved in water, the chlorine was 
neutralized with NaOH, made up to a volume of 100 ec., and 1 gm. 
of Liebig’s extract was added. As the reaction which took place 
here involved the production of 3.92 gm. of NaCl, this quantity 
of salt was added to the solution when glycine was given in Ex- 
periment 39. 

The material was administered by stomach tube without dis- 
comfort to the dog, the animal resting quietly in the calorimeter 
immediately afterward. Neither Liebig’s extract of beef nor 
sodium chloride exerts any influence upon basal metabolism (4). 

When the chlorine in 11.25 gm. of glycyl-glycine hydrochloride 
is neutralized with NaOH, if the resulting glycyl-glycine be hy- 
drolized, 9.75 gm. of glycine are produced. 

The calculation of the amount of glycine metabolized per hour 
is based on a method which has been frequently employed in this 
laboratory. If glycine be administered, the heat production rises 
to a maximum in the 2nd and 3rd hours, whereas the urinary 
elimination of the nitrogen of glycine is delayed and reaches a 
maximum output only after several hours. However, Csonka 
(5) has shown that when glycine is given to a phlorhizinized dog 
the “extra sugar’’ which arises from it is eliminated in maximum 
quantity during the same 2nd and 3rd hours, which hours show the 
highest heat production. Failing a more accurate method of 
computation, it is assumed that this curve of extra sugar elimina- 
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tion in phlorhizin glycosuria, is a fairly accurate means for deter- 
mining the rate of oxidation of ingested glycine. The details of 
the method have been elsewhere described (6) and need not be 
repeated. 

The heat value of glycine is 3.1210 calories and that of glycyl- 
glycine is 3.5791 calories per gm. according to Emil Fischer and 
Wrede (7). Since 8.89 gm. of glycyl-glycine are convertible on 
hydrolysis into 10 gm. of glycine, one may write the equation: 


8.89 gm. glycyl-glycine—10 gm. glycine 
3.183 calories. 3.121 calories. 


The loss of energy through hydrolysis may therefore be con- 
sidered small, being 2 per cent in the instance cited above. 


Alcohol Checks. 


The sudden appearance of a respiratory quotient of 0.78 in a 
determination of the ‘‘basal metabolism” of the well nourished dog 
under investigation led us to suspect the presence of a small leak 
in the calorimeter. It required a week’s time to locate and remedy 
this leak during which period the apparatus could not be used for 
experimental purposes. Some of the respiratory quotients ob- 
taired from burning alcohol at this time represented conditions 
of oxygen determination at their worst. We in this laboratory, 
with the record of over 900 experiments upon dogs and pigs, and 
the workers of the Russell Sage Institute of Pathology, with a 
record of over 600 calorimeter determinations upon human beings 
in health and under all kinds of conditions of disease, all of which 
experiments were made in hourly periods extending over several 
hours, are of the opinion that constant respiratory quotients of 
0.60, reported by others as being obtainable in respiration experi- 
ments on men and animals and offered as evidence of the conver- 
sion of fat into carbohydrate, are due to imperfect technical 
control. Such results should not receive uncritical acceptance. 
Qur own records show no authentic record below 0.65 and this in 
diabetes under especial dietetic conditions. 

We have no reason to doubt the reliability of the work during 
the experimental periods. 
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TABLE I. 
Alcohol Checks. 
Length. Date R.Q. 
Indirect.* Direct. 
Ars. 1926 

222 4 (pr. 21 0.660 23.40 23.43 
223 2 0.643 19.82 20. 50 
224 4 0.669 21.38 20.87 
225 3 May 1 0.657 21.50 22.66 
226 | 4 0 3 0.661 22.38 21.30 
227 | 4 sa 4 0.665 27.82 27 . 90 


* Calculated from the CO, recovered. A low Rr. q. of 0.78, shown by the 
basal metabolism of the dog on April 28 at the end of the first series, led to 
the discovery of a small leak which was remedied before May 5 when the 
second series of experiments began. The table shows the r.q.’s at their 
worst, with a maximum error of + 3.6 per cent in the O, determination in 
Experiment 223. 


TABLE II. 
Basal Metabolism. 


Calories. 
Eixperi- Surface 
Date. - | Weight. R.Q. 
it No. . 
1926 kg. sq.m. 
Apr. 14......| 28 6.30 | 0.382 | 0.78 | 12.57 | 32.90 | 790 
| eee 6.35 | 0.384 | 0.79 | 12.56 | 32.7 785 
a 30. | 6.50 | 0.390 | 0.87 | 12.73 | 32.63 | 783 
“ 21....... 32 | 6.60 | 0.304 | 0.81 | 12.94 | 32.84 | 788 
“ 96......| 35 | 6.80 | 0.402 | 0.84 | 12.99 | 32.31 776 
28......1 37 | 7.00 | 0.410 | 0.78 | 13.37 | 32.62 | 783 
May 5...... 38 7.00 | 0.410 | 0.80 | 13.96 | 34.06 | 817 
| 40 7.00 | 0.410 | 0.81 | 14.33 | 34.96 | 839 


* Maximum variation 1 per cent; 772 calories is the average figure for 
eleven female dogs (8). 
t+ Second period shows an increase of 5 per cent. 
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Basal Metabolism. 


Dog 27 was a small animal of 6.3 kilos in weight, in poor nutritive 
condition at the beginning of the experiment, and selected because 
of its very quiet behavior. As the days passed the dog gained in 
weight and the metabolism rose in accord with the law of surface 
area. The surface area was calculated from Meeh’s formula, 
S = 11.2 Vweight?. After having reached a weight of 7 kilos 
the basal metabolism during an interval of a week rose to a higher 
level without change in weight, the dog being in a better general 
condition than at the outset of the experiment. 

The first series of experiments is based on the average value 
of four determinations of basal metabolism (Experiments 30, 32, 
35, 37) or 13.01 calories per hour, the minimum value for a single 
determination being 12.73 and the maximum 13.37 calories. The 
variation from the average was therefore +3 per cent. 

In the second series of experiments the average basal metabo- 
lism rose to 14.15 calories (Experiments 38 and 49), with a varia- 
tion of +1.4 per cent. 


Metabolism of Glycyl-Glycine. 


A comparison of the heat production as influenced by glycine, 
10 gm., and an amount of glyecyl-glycine capable of yielding 9.75 
gm. of glycine showed the following results: 


First Series. Second Series. 
Increase over basal, Inerease over basal. 
per cent per cent 
22 and 28 21 


If one disregards the atypical Experiment 33 in the first series, 
in which the heat production rose 22 per cent instead of 28 per 
cent, one is struck with the essential identity of the metabolism 
following glycine and glycyl-glycine ingestion. These results are 
shown in Table III. 

3 hours of experimentation only are given for comparison 
because, during the 4th hour (the 5th after the ingestion of the sub- 
stance) the dog often became restless so that the experiment had 
to be terminated. 

In Experiment 31 (first series) 10 gm, of glycine induced a heat 
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TABLE III. 
Metabolism after Giving Glycine and Glycyl-Glycine to a Dog. 


Hrs. 


2nd 
3rd 
4th 


First series. 


Second series. 


Experiment 31. 
Glycine, 10 gm. 


Experiment 36. 
Glycyl-glycine 


(= 9.75 gm. glycine) 


+ NaCl, 3.92 gm. 


Experiment 39. 
Glycine, 10 gm., + 
NaCl, 3.92 gm. 


Experiment 41. 
Glycyl-glycine 
(= 9.75 gm. glycine) 
+ NaCl, 3.92 gm. 


R.Q. 


0.89 
0.96 
0.85 


Q 


Indirect. 


17.04 
16.52 
16.36 


| Direct. 


15.93 


16.63; 0.91 
15.90) 0.89 


17.57 
14.73 


49.81 


R.Q. 


0.94 
0.97 
0.93 


0.94 


Calories. 


Indirect. 


18.70 
16.81 
15.98 


51.49 


| Direct. 


17.06 
16.45 
16.44 


49.95 


R.Q. 


0.97 
0.96 
0.83 


0.92 


| Calories. 


| Indirect. 


18.03 
17.48 
15.59 


51.10 


Direct. 


15.79 
15.27 
15.46 


46.52 


0.90/49. 92 48.46 0.91 


Non-protein rk. Q. = 0.88. 
= 0.91. 
= 0.96. 
= 0.92. 


Experiment 31. Glycine. 
36. Glycyl-glycine. 
39. Glycine + NaCl. ” 
41. Glycyl-glycine. 


TABLE IV. 


Hourly Comparison of the Calories of Extra Heat Production and the 
Estimated Number of Calories Produced from Glycine and 
Glycyl-Glycine after Their Ingestion by a Dog. 


First series. Second series. 
t 36 E i 
alycine, 10 gm. = 9.75 gm. glycine) = 9.75 gm. giveine) 
+ 3.92 gm. NaCl. + NaCl, 3.92 gm. +- 3.92 gm. NaC. 
ont one om = 
5 18 5 5 16 5 
2nd | 4.03) 4.61 4.50) 4.49 4.55) 4.61 3.88) 4.49 
3rd 3.51} 4.61 4.56) 4.49 2.66! 4.61 3.33) 4.49 
4th | 3.35] 3.15 1.72} 3.07 1.83} 3.15 1.44] 3.07 
10.89/12.37) 88 10 78/12.05} 89 9 .04}12.37| 73 $.65}12.05] 72 


| | 
| 
| 
| 15.44 | 
» 
| 
| 
| 
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production of 49.9 calories in 3 hours; an equivalent amount of 
glycyl-glycine (containing NaCl) in Experiment 36, one of 49.8 
calories during the same period. 

In Experiment 39 (second series) 10 gm. of glycine plus 3.92 
gm. of NaCl caused a heat production of 51.5 calories in 3 hours, 
and 4 days later glycyl-glycine, administered with the same quan- 
tity of salt, induced the production of 51.1 calories during 3 hours. 

The fairly close agreement between the direct and indirect 
calorimetry offers reasonable assurance that the method of cal- 


culation is essentially correct. 


Exe. Ne. 30 3) 32 33 35 36 37 38 39 40 4} 
CALORIES 16.64 1591 1660 17.16 17.03 
BINCREASE 
OVER BASAL 28 22 26 20 2! 
R.Q. 087 O90 OB! 085 084 O91 O78 080 O94 OB! 0.92 
CAL. 
15 
Banus - -----}---- 
BAS. |3.01------]- ----4----4-----f- 
ine) 
+7 DayS+ 
"4 
O 
APRIL 19 20 21 22 — 26 27 28 May 5 6 7 — 10 
BAs. GLYCINEBAS. BAs. BAS. BAs. GLYCINEBAS. GLYCYL- 
10GM GLYCINE GLYCINE 10 GM. GLYCINE 
+NACL 
3.92 GM. 


Cuart 1. Comparison of the metabolism of glycine and glycyl-glycine. 
Crossed spaces represent the heat eliminated from protein and amino- 


acids. 


The respiratory quotient of glycine is unity, and the high respira- 
tory quotients are in accord with the conclusion that glycine is 
being oxidized. The calculated non-protein respiratory quotients 
are also high, a phenomenon which has been observed before (6). 
and one which suggests that the metabolism of glycine in some 
way stimulates the oxidation of glucose. 


» 
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TABLE V. —Details of Experiments upon Dog 87 


| | | Non-protein. | Calories. 
Date. | Time. | 3 
1926 gm. | gm. gm. | gm. | gm. gm. 
Apr. 14 | 28 | 11.00a.m.-1.00 p.m. 4.083.800.78) 7.090.077 10.531}! 


2. 
15 |29|10.00 “ -1.00 “ |4.12/3.80/0.79 6.850.091 3.27/3. 03/0. 79/2. 


“ 20 81 11.19 “ -12.19 6.245.120.89) 8.66 0.278)3. 46 2.94.0. 86 2.41/4.61 10.02 
12.19p.m— 1.19 “ 7.96 3.65 2.700.982.41'4.61, 9.50} 
| | 0.90 0.88 1 
| 


“ 91 | 32 | 10.00 a.m.-12.00 m. 4.353.900.81 7.40 10.32) 


pe 9.40 0.3073. 363.090.792.624. 49 10.36 


“ 99 | 33] 11.29 “ -12.29p.m. [6 5 | 
12.29 p.m.- 1.29 “ 5.684.840. 85 8.29 2.87 2.630. 8.82 1 
| 1.299 “ -2.29 “ 7.49 2.942.550 842. 623.07 8.66)| 
| 2.299 “ —~329 « 5.044. 480.82 7.52 3.16 2.960.78|2.62 2.25) 9.89|| 
“ 26 | 11.00a.m— 1.00 “  4.483.880.84) 10.47) 
“ 27 | 36 | 11.00 “ -12.00m. 6.655.19,0.93) 9.230.294/3. 88/302 0.93)2. 52/4. 49 10. 50 
12.00 m. 1.00p.m. (6.545.240.91) 8.64 10.56} 
1.00 p.m.- 2.00 “ 7.92 9.14, 
2.00 “-3.00 “ 7.69 3.19/2.930.79 2.52/2.25) 9.83)) 
0.89 0.87 If 


28 | 37 /11.00a.m—1.00 “  [4.364.060.78 7.720.1093.343.140.772.89 10.48), 


May 5 | 38/ 12.00m. - 2.00 “ 4.65.4.210.80) 8.08, 


11.12), 


| 
| 
“ | 39 11.09 a.m.-12.09 “7. 12'5.540.94 10.02 0.335 4.19 3. 230.94 2.844.61)11 25} 
12.09 p.m. 1.09 “ —6.62.4.960.97 9.39 3.69 2.65 1.012.844. 61) 9.36 
1.09 “ “  |6.024.730.93) 8.81 3.70 2.87 0.94 2. 843.15) 9.99 
0.96 
| | | | 
“ 7 40} 11.00a.m- 1.00 “ 4.794. 86 3.480.81 2.62 1.71 \4 
| P 
“ 10 |41/11.16 “ -12.16 “ 7 0615.30 300. 9.390. 3 4.25 8.0011 .00)2.62/4.4 10.92 
| | 12.16pm-1.16 7915. 160.96. 8. 90. 3.98 2.95 0.98'2. 62/4. 49/10. 37 * 
| | te 404. 740.83 8.38 18/2.960.78/2.62 3.07, 9.901] 
0.9 0. ).92 | od 


41} |10.18 

| | | | 52; 10.217 
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9 2? Values Given Are for Hourly Periods. 
Bod 
(Calories, ‘temperature 
% | = | 
kg. | 
12.57) Quiet. | Basal metabolism. 
0.15 12.56,11.70/38. 15/38. 18/6. 35 
0.21 
0.02)| 17-04 15.93/38. 32/38.31/6.55, * At 10.30 a.m. 10 gm. glycine + 1 gm. Liebig’s extract 
9 50} 16.52 16. 63 38.32 4 -+ 100 ce. warm water. 
0.39} 16.36,15.90 38.22 
| 16.64 16.15 
12.94 38.70'38.496.60; Basal metabolism. 
0.36 17.4717. At 10.39 a.m. 11.25 gm. glyeyl-glycine hydrochloride 
g goj|  15.93|17.47 39.02 " (= 9.75 gm. glycine) + 2.68 gm. NaOH + 1 gm. 
8 66 14.35/16. 30 38.84 "7 Liebig’s extract + 100 cc. water. 
9 389 14.76/15.42 38.80 
15.63/16. 62 
50/38. 80 Basal metabolism. 
0.59), 17.51/16. At 10.11 a.m. 11.25 gm. glyeyl-glycine hydrochloride 
0.56; 17.57/16.41 39.02 i" (= 9.75 gm. glycine) + 2.68 gm. NaOH + 1 gm. 
9.14 14.73)15.44 38.95 Liebig’s extract + 100 cc. water. 
9 14.60/15. 39 38.84 
16.1015.89 
0.48, 13.37 10.48/38.73)38. 5017.00“ Basal metabolism. 
1.19) 13.96/12. 52/38.60/38.50/7.00} “ 
1.25| 18.70|17.06,39.22/39.17/7.00|  “ At 10.18 a.m. 10 gm. glycine + 3.92 gm. NaCl + 1 gm. 
9 36: 16.81/16.45 39.11 Liebig’s extract + 100 cc. water. 
9.99 15.9816. 44 39.09 
| 17.1616. 65 
LT 14. 33/13. Basal metaboliom. 
| 
0.92 At 10.28 a.m. 11.25 gm. glycyl-glycine hydrochloride 
17.48/15. 27 39.07 ( = 9.75 gm. glycine) + 2.68 gm. NaOH (= 3.92 gm. 
9 99} 15.59 15. 46 38.85 - NaCl) + 1 gm. Liebig’s extract + 100 ec. water. 
17.03)15.51 
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Another fact which has also been noted before in this laboratory 
(6) is that the extra heat production is very nearly that amount 
of heat which is contained in the glycine metabolism of the time. 
This phenomenon is illustrated in Table IV. The significance of 
this has been elsewhere discussed (9, p. 346). 

Chart 1 shows graphically a summary of the results, and 
Table V presents the details of the observations made. 


U rinary Analyses. 


The analysis of the urine confirmed the work of Abderhalden 
and Teruuchi (3) and shows that the nitrogen of glycyl-glycine is 
converted into urea, as appears in Table VI. 


TABLE VI. 
Urinary Analyses. 


E i Total 
ment Nature of experiment. urine nitro 
tion. 
hrs. gm. gm. percent 
31 10 gm. of glycine (1.86 gm. N). 5.37 | 1.490) 1.341) 90 
32 Basal metabolism. 3.20 | 0.317) 0.262) 83 
33 11.25 gm. of glycyl-glycine hydro- 
chloride. 5.10 | 1.566) 1.490) 95 
36 11.25 gm of glycyl-glycine hydro- 
chloride. 5.13 | 1.511) 1.400} 93 
CONCLUSION. 


The metabolism of glycyl-glycine ingested by a dog is in all 
respects similar to that of an equivalent amount of glycine. 
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THE EFFECT OF CARBON TETRACHLORIDE AND ALCO- 
HOL ON THE ACID-BASE BALANCE OF THE 
BLOOD.* 


By PAUL D. LAMSON anp RAYMOND WING. 


(From the Departments of Pharmacology, Vanderbilt University School of 
Medicine, Nashville, and Johns Hopkins University, Baltimore.) 


(Received for publication, May 12, 1926.) 


In the very extensive use of carbon tetrachloride in the treat- 
ment of hookworm disease, a few cases in each million have died. 
One or two of these deaths have followed the drinking of alcohol 
after treatment, and alcohol has been shown both in the field and 
experimentally (1) to increase the toxicity of carbon tetrachloride. 

Carbon tetrachloride produces severe central necrosis of the 
liver similar in appearance to that produced by chloroform (2, 3) 
and it has been suggested by Graham (2, 4) that this might be 
due to liberation of acid from these substances in the liver. He 
has shown that treatment with alkali protects against this necro- 
sis, but these experiments have been criticized by Davis and Whip- 
ple (5) who could find no such protection. A marked acidosis 
has been shown to occur during the administration of chloroform 
by Cullen, Austin, Kornblum, and Robinson (6). The cause of 
this acidosis and that following the administration of certain other 
volatile anesthetics is still under discussion. 

The experiments here reported were carried out in order to 
determine whether the administration of carbon tetrachloride 
alone or with alcohol produced an acidosis which might be counter- 
acted by alkali, and to compare the effect on the acid-base bal- 
ance of the inhalation of carbon tetrachloride with that of certain 
other volatile anesthetics. The oral dose of carbon tetrachloride 
used (4 ce. per kilo) is large in comparison with the therapeutic 


* This article is one of a series on carbon tetrachloride. The work was 
supported by the International Health Board. The experiments have 
been carried out by Mr. Wing. 
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dose of 3 cc., but this is the smallest dose which has been found to 
cause a change in the liver function test of Rosenthal (7, 1). 
Doses of 0.2 cc. per kilo have, however, been found to cause defi- 
nite liver necrosis (3), while 0.3 cc. per kilo caused a tremendous 
fall in the fibrinogen content of the blood (8, 9). 


Methods. 


Animals.—Large dogs (10 to 20 kilos) were used. These were 
all selected healthy animals, and previous to the experiment were 
given some training by placing them on the table and drawing 
small samples of blood. ‘The dogs were fed as usual the day before 
the experiment except that those given carbon tetrachloride by 
mouth were fed a diet containing a minimum of fat as this was 
known to influence the absorption of the drug (1). On the day 
of dosing food was withheld, but on succeeding days the dogs were 
given the usual diet. ' 

Bleeding.—The blood (10 ce.) was drawn from the left ventricle, 
unless otherwise stated, through a 3 inch 20 guage needle with a 
syringe coated with oil and containing a drop of saturated oxalate 
solution which had been adjusted to pH 7.4. The blood was then 
expelled into a pyrex tube containing melted paraffin (m.p. 38- 
40°) (Austin, Cullen, Hastings, McLean, Peters, and Van Slyke, 
(10)). After allowing the paraffin to cool, the tubes were centri- 
fuged for 5 minutes in cups containing cold water. To obtain 
the oxalated plasma a metal cork borer of sufficient size was 
quickly passed through a flame and used to cut a hole in the solid 
paraffin, and a pipette immediately inserted to withdraw the 
sample for analysis. The glassware used was tested for neutrality. 
We found this method very successful in preventing hemolysis 
except In rare instances. 

Dosage.—F¥ or oral administration of the drug a stomach tube was 
used. When carbon tetrachloride alone was given it was followed 
by a small amount of water. When carbon tetrachloride and 
alcohol were used, the carbon tetrachloride was first given followed 
by the alcohol (calculated on the basis of absolute alcohol but 
given in 20 per cent concentration). Those dogs given alcohol 
alone received it in 33 per cent concentration followed by a dash 
of water to empty the tubes. 
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The apparatus used for inhalation experiments was similar to 
that described by Marshall and Kolls (11). Exactly the same 
procedure was followed in anesthetizing these animals as that 
reported in a previous paper of this series (1). By using this 
method rather than the cone method we were always assured of a 
sufficient amount of air for ventilation (approximately 35 liters 
per minute passing through the chamber) thereby ruling out 
the possibility of asphyxia. The concentration of the carbon 
tetrachloride was 70 to 80 mg. per liter of air and was usually 
sufficient to anesthetize the animal within a few (5 to 6) minutes, 
after which it would lie quietly in the cage for the desired time, in 
some cases (see below) for as long as 3 hours. | 

Analytical Methods—The pH measurements were made at room 
temperature with phenol red in diluted plasma by Cullen’s colori- 
metric method (12) using the factor 0.35 to correct from 20° to 
38°. The carbon dioxide determinations were made on | ce. 
samples in duplicate by Van Slyke’s method, using the original 
Van Slyke apparatus (13). 


Results. 


Carbon Tetrachloride (4 cc. per Kilo) by Mouth.—It will be seen 
from Dogs 2 and 7, Table I, that there is no striking change in 
either the CO, content or pH of the plasma in these dogs after the 
oral administration of carbon tetrachloride, although a barely 
perceptible fall in both of these occurs. (ne other dog gave a 
similar result. 

Inhalation of Carbon Tetrachloride—Vrom Dogs 1 and 301, 
Table II, on the other hand, it will be seen that there is a slight 
decrease in both the CO, content and pH of the plasma in one case 
after prolonged anesthesia, but no fall in the other. Three other 
dogs showed only a slight fall. Ether was used in one animal 
(Table II, Dog 1) for comparison, and the relatively enormous 
drop in these two factors shows how slight if any is the acidosis 
following the inhalation of carbon tetrachloride. 

Alcohol and Carbon Tetrachloride.—Aleohol and carbon tet- 
rachloride were then orally administered together, and although 
one dog showed a fall in CO, content and pH the changes were so 
slight that they were insignificant, except just before death, when 
a definite terminal acidosis takes place. Five dogs were used. 
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Alcohol Alone by Mouth—Two dogs were given alcohol alone. 
One showed no fall in CO2 and pH content of the plasma, and in 


the other a definite slight alkalosis was found. 


TABLE I. 
Carbon Tetrachloride Alone, 4 Ce. per Kilo. 
Calculated. 
[BHCO3] at 
initial pH, 
Time drawn. = 
= om om 
Z 
Dog 2 
™ M mM mM mM 
July 11, 9.15 a.m. /20.2/7.28/18.9) 18.9} 18.9} 7.28 taken as initial 
pH. 
8 20.8|7.28/19.5) 19.5) 19.5 
9 18.0) 18.0 
Given 4 cc. carbon 
tetrachloride per 
kilo by mouth. 
10 16.9} 16.8 
11 14, 4.30 p.m. /|19.4/7.29 18.3) 18.5) 18.6 
13 19.8|7.26)18.6) 18.2) 18.0 
15 20. 2/7. 26)18.9) 18.5) 18.3} 


21.0)7.28)19.7| 19.7) 19.7 


19.7} 19.6 
20.0/7.27/18.7) 18.5) 18.4 
21.2/7.25)19.8) 19.2) 19.0 


7.28 taken as initial 
pH. 

Given 4 cc. carbon 
tetrachloride per 
kilo by mouth. 


It is evident from these experiments that the only acidosis after 
carbon tetrachloride which might be treated with alkali therapy 


| 

| 
Dog 7. 

7 | July 7, 9.30a.m. | | | 

| 

19 7, 2.45 p.m. | 

21) “ 8, 10.35 a.m. | 
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| would be the terminal acidosis in alcohol and carbon tetrachloride y 
intoxication, and it is improbable that in such an advanced state 
of intoxication this would be of any benefit. 
TABLE II. 
Inhalation of Carbon Tetrachloride. 
Calculated. 
[BHCOsg] at 
initial pH. 
2 
Time drawn. = wo 
a 
° 
Z 
= O | 
= 
Dog | 
mM mM mM mM 
l July 22, 11.15 a.m. |21.2)7.26)19.8) 19.8} 19.8 
12.45 p.m. Began light ether 
anesthesia. 
2 15.9|7.03/14.2| 9.6) Stopped ether anes- 
thesia. 
3 28 2.00 p.m. |22.917.27/21.4| 21.4] 21.4 | 
carbon tetrachlo- 
ride. 
4 22.3)7.34/21.0} 22.4) 22.9 
Dog 301. 
1 | June 5, 9.45 a.m. |20.2/7.27/18.8| 18.8! 18.8 
| segan inhalation of 
| carbon tetrachlor- 
ide. 
2 2 5, 1.05 p.m. 12.47.1911.5) 9.9) 9.3) Stopped inhalation. 


CONCLUSIONS. 


1. Carbon tetrachloride in large doses (4 ec. per kilo) adminis- 
tered orally produces either no change or a barely perceptible fall 
in the CO, content or pH of the plasma in the dog. 
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2. Carbon tetrachloride inhaled in concentrations of 70 to 80 
mg. per liter for 4 hour or longer causing deep anesthesia usually 
produces only a very slight fall in the pH and CQO, content of the 
plasma, which is in no way comparable to that occurring after 
ether or chloroform. In one case, however, there was a definite 
fall in the pH and CO, content of the plasma. 

3. Carbon tetrachloride and alcohol administered orally together 
produce no change in the acid-base balance except in the terminal 
stage of intoxication, and considerably after the appearance of 


symptoms. 
4. Alcohol alone produces if anything a slight alkalosis. 
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Since our first publication in this field, a number of investigators 
have recently turned their attention to the ovarian hormone. No 
attempt will be made to discuss all of the recent literature, but 
attention should be called to a few of the papers in which the 
extraction of the hormone is considered. Zondek and his co- 
_ workers (1925), E. Laqueur and his collaborators (1926), Glimm 
and Wadehn (1925), Dickens, Dodds, and Wright (1925), and 
Loewe (1925) have published their experiences with the prepara- 
tion of the hormone. Some of these investigators have used 
placenta, while others have used ovaries as the source material; 
but all (except Glimm and Wadehn who used immature rabbits) 
have obtained extracts which produce artificial estrus in ovariec- 
tomized rats or mice. 

Zondek and Brahm (1925), using either placenta or liquor fol- 
liculi, obtained the hormone in a water-soluble condition by a 
procedure which is not fully described. Laqueur, Hart, deJongh, 
and Wijsenbeek (1926) remove the proteins of the liquor folliculi 
with colloidal iron and concentrate the resulting aqueous solution 
in vacuo. The subsequent treatment is not given but the hormone 
is finally obtained in a highly purified water-soluble form which 
contains neither phosphorus, amino nitrogen, hydroxyl, nor pro- 
tein, but is dialyzable through collodion and parchment and gives 
less color than that produced by one-twentieth of its weight of 
cholesterol by the Liebermann-Burchard or Salkowski reactions. 


* This investigation has been made with the assistance of a grant from 
the Committee on Therapeutic Research, Council on Pharmacy and Chem- 
istry, American Medical Association. The authors take this opportunity 
to express their appreciation of this assistance. 
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Although Laqueur’s investigations appear to be published in pre- 
liminary form, they are very important in the study of the ovarian 
hormone. Though we have had preparations (0.01 to 0.02 mg. 
per rat unit) which seem to approach more closely the pure hor- 
mone than his, we have not found that the hormone forms a true 
aqueous solution; of course crude preparations may be held in 
colloidal solution but Laqueur’s product is too well purified to 
fallin this category. The nature of the contaminating substances 
could conceivably account for this difference in solubility of the 


TABLE I. 
Yield and Purity of Hormone from Hog Liquor Folliculi by Improved Methods 
of Preparation. 


Volume 
Prepars- | creserva-| Ofiauor | pavunits| 
tion. extracted, | liter. | rat unit. 
Mos ce. mg 

2 5000 §00 | 1.39 Not purified ; prepared by old 
method. 

5 2-6 2200 13890 | 0.030 | Partial petroleum ether ex- 
traction and_ digitonin 
treatment to remove cho- 
lesterol. 

6a 144 375 860 | 0.125) | Purification was not com- 
pleted; conducted to test 

6b 143 375 615 | 0.124 yield by two different pro- 
cedures. 

7a 0 62 835 

7b 0 62 610 

8 15 650 §30 | 0.11 

10 5 892 950 | 0.031 

12 16 1050 1060 | 0.03 

16 12 1279 1000 

R 1 440 750 | 0.055 

18 0 550 835 | 0.022 | Modified procedure. 


products obtained by Laqueur and by ourselves. The claims of 
Zondek and Brahm and of Glimm and Wadehn of a water-soluble 
ovarian hormone need not be considered further until more data 
are published by them. 

Both Laqueur and Dodds and Dickens failed to obtain yields as 
large as we reported in our first paper. We are unable to offer any 
explanation; when the procedure is followed exactly as published, 
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we have invariably obtained from 600 to 1400 units per liter of 
liquor folliculi in our later work. In Table I we present figures on 
the yield by the new modifications of our technique. 


Improved Method of Preparation of the Hormone from Hog Liquor 
Follicult. 


In a preliminary report before the 1925 meeting of the American 
Society of Biological Chemists, we (Ralls, Jordan, Heusinkveld, 
and Doisy, 1926) outlined an improved method of extracting the 
ovarian hormone from liquor folliculi which was based upon the 
principles used in the method described in the present paper. 
As our subsequent investigations, tested step by step, have shown 
it to be possible, we have gradually broken away from the proce- 
dure which we described in 1924 (Doisy, Ralls, Allen, and Johns- 
ton) and have introduced many simplifications and improvements 
in the preparation. 

The important points in the preparation of the ovarian hormone 
are: (1) the separation from proteins, and (2) the separation from 
lipids, including cholesterol. The first separation is effected by 
precipitating the proteins of fresh liquor folliculi with two volumes 
of 95 per cent alcohol and by subsequent solution of the crude and 
partially purified hormone in acetone and ether which do not 
dissolve proteins. 

The removal of the lipids is much more complicated and diffi- 
cult. As we pointed out in our earlier paper, the phospholipids 
may be precipitated from an alcoholic solution by acetone, and the 
triglycerides may be almost completely frozen out of 60 or 70 per 
cent alcohol with very little loss of the hormone in the precipitates. 
However, the final product produced by this procedure contains 
soap which probably is due to the fact that the liquor folliculi 
contains about as much bicarbonate as blood plasma and, during 
distillation of the filtrate from the proteins, this bicarbonate loses 
CO, to form carbonate which in the warm alcoholic solution hydro- 
lyzes some of the lipid material. This then adds the removal of 
the soaps to our problem. As illustrative of the additional com- 
plications produced by the soap, we may cite our figures in Table 
II on the distribution ratio of cholesterol between petroleum 
ether and 70 per cent alcohol in the presence and absence of soap, 
which again brings out the old point that certain solutes may affect 
the solubility of other solutes in a common solvent. 
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Since the publication of our earlier observations upon the 
preparation of the ovarian hormone, a great deal of time has been 
spent in a detailed study of the various steps of purification. It 
soon became apparent that a considerable part of the material 
precipitable by acetone from alcoholic solution which we formerly 
called phospholipid is soap. Our attention being directed to the 
soap, consideration of the distribution ratios showed it to be de- 
sirable to remove the soap in one of the earlier steps of purification. 
We have partially accomplished this by extraction of the residue 
from the distillation of the alcoholic solution with 85 to 90 per cent 
acetone in which both soap and phospholipid are poorly soluble. 


TABLE IL. 
Distribution of Cholesterol between 70 Per Cent Alcohol and Petroleum Ether. 


70 per cent alcohol. Petroleum ether. 
Cholesterol: Cholesterol; | Ratio cholesterol 
Volume Volume}, 
Soaps.) yy, of eolids. Soaps.| in alcohol, 
eample. sam- | In 1 cc. sam- 
ple. ple 
ce. mg. | mg mg. mg ce. mg. | mg mg mg. 
5.0 | 53.6) 48.0) 5.6)1.12 2.93 | 29.7) 00.0) 29.7)10.14 9.1 
9.0 | 53.1) 47.4) 5.7)1.14 2.93 | 31.3} 00.0) 31.3/10.44 9.2 
5.0 | 94.4) 88.7) 5.7|1.14 3.00 | 32.9) 00.0) 32.9)10.96 9.3 
25.03) 11.3) 00.0) 11.3)/0.45 24.89 |324.8) 00.0/324.8)13.05 
25.03) 11.5} 00.0) 11.5/0.46 24.89 (325.0) 
24.89| 10.9) 00.0) 10.9'0.48+4 {24.89 326.1) 
0.44+*| Average.............. 13.07*| <<29.7* >29.0* 


* Value for last three figures only. 


The acetone was distilled off and the remaining soaps were com- 
pletely removed by distribution between water and ether which, 
if properly executed, caused practically no loss of hormone in the 
aqueous soap medium. When it was found that this procedure 
entailed very little loss of the hormone, the process was shortened 
still more by leaving out the acetone precipitation and going di- 
rectly to the extraction of the hormone from the aqueous suspen- 
sion with ether. 

This ethereal extract contained a large proportion of cholesterol 
whose separation from the hormone has caused considerable 
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trouble. To be sure, this cholesterol can be almost completely 
removed by digitonin but the excess digitonin added in the precipi- 
tation is another source of annoyance. The digitonin can be 
a contaminating substance just as much as cholesterol; and because 
of the solubilities of the hormone and digitonin, we found this a 
troublesome mixture to handle. Our earlier experiences with 
cholesterol, combined with our later studies of the solubilities of 
the hormone, showed clearly the way to separate the two. Cho- 
lesterol is roughly twenty-nine times as soluble in petroleum ether 
as in 70 per cent alcohol and therefore can be removed rather well 
by repeated extraction of the alcohol with petroleum ether, while 
the solubilities of the hormone are such that this produces very 
little loss of potency of the alcoholic solution. Calculation showed 
that six extractions of a solution of the hormone and cholesterol 
from | liter of liquor folliculi in 100 ce. of 70 per cent alcohol with 
25 ec. portions of petroleum ether would be sufficient to remove 
all but about 0.001 mg. of the cholesterol. Having no exact 
quantitative data on the distribution of the hormone, we tested 
our deductions experimentally. The cholesterol was removed as 
anticipated and, to our satisfaction, less than 5 per cent of the 
hormone was lost to the combined petroleum ether extracts (Table 
IVb). 


Extraction and Purification of the Hormone. 


Concisely stated, the preparation is carried out upon liquor fol- 
liculi from which the proteins have been precipitated by the addi- 
tion of two volumes of 95 per cent alcohol. (For stability of 
hormone under these conditions, see Table I.) The proteins are 
filtered off and extracted with alcohol for 6 to 8 hours in a Soxhlet 
apparatus and the combined extract and filtrate distilled to dry- 
ness in vacuo. In this step the foaming which may be trouble- 
some can be avoided by allowing the vacuum to draw the alcoholic 
liquid into the practically empty distilling flask at the same rate 
as the liquid is removed by volatilization. At the conclusion of 
the distillation, some water or alcohol should be added and the 
liquid gently heated for a short time to complete the hydrolysis of 
the lipids. (Subsequent directions are based upon the assumption 
that 1 liter of liquor folliculi is being used in the preparation.) 
The residue is dissolved in 150 ec. of water, centrifuged to remove 
some insoluble material, and transferred to separatory funnels. 
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Since we prefer to use centrifugation to accelerate the breaking 
of the emulsions which may form, and the capacity of our centri- 
fuge is limited, we divide the aqueous solution between two separa- 
tory funnels. The aqueous solution is made alkaline with NaOH 
so that a few drops added to an equal volume of alcohol will 
redden phenolphthalein; 30 cc. of ether are added to each funnel, 
the mixture shaken well, centrifuged, and the aqueous solution 
run into another funnel. The extraction with ether is repeated 
three or four times (see Table III), the combined extracts washed 
with water and the ether distilled off. The residue is dissolved in 
petroleum ether and alcohol alternately, keeping record of the 
volumes used, and transferred to a separatory funnel. Enough 
alcohol and water are added to give a volume of 100 cc. of 70 per 
cent alcohol and the quantity of petroleum ether is made upto 25 cc. 
The alcoholic solution is extracted six times with 25 cc. portions 
of petroleum ether and then distilled to dryness in vacuo. The resi- 
due is leached with redistilled dry ether and the ethereal extract 
centrifuged to remove any insoluble solids. This ethereal solution 
which seems to retain its potency remarkably well is our stock solu- 
tion with which we expect to start in our future work on purifica- 
tion of the hormone. As a general rule, preparations made in the 
described way or by processes embodying these principles yield a 
product of which 0.03 to 0.04 mg. (see Table I) is 1 rat unit. By 
additional fractionations the potency may be doubled, the weight 
of the rat unit decreasing to 0.01 to 0.02 mg. 


Discussion of Method of Preparation. 


The most important points to be gleaned from Table I are: 
(1) the stability of the hormone of liquor folliculi preserved with 
two volumes of 95 per cent alcohol; (2) the yield expressed in rat 
units of the hormone from liquor folliculi of hog ovaries; (3) the 
weight of a rat unit by our improved method of preparation. 

Preparation 12 which had been preserved with alcohol for the 
longest period of time, z.c. 16 months, gave 1060 rat units per liter 
of liquor folliculi, which is only slightly less than the maximum 
reported in this paper of 1390 for No.5. The smallest number of 
rat units, 610 in No. 7b, was obtained from freshly collected liquor. 
Our source of supply yields from 30 to 90 ec. of liquor folliculi per 
day and as the volumes listed in the table generally run into the 
hundreds, it is evident that each sample is a composite of many 
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days collection. This would tend to diminish any gross variations 
in the individual preparations and, therefore, permits us to con- 
clude that the means of preservation used seems to be efficient. 

As we recounted earlier in this paper, Laqueur, Hart, deJongh, 
and Wijsenbeek (1926) have obtained a water-soluble product 
which far exceeds in potency the preparation described in our 
earlier paper. Though we are not certain that we understand their 
statements correctly, it seems that they have prepared an extract 
containing 0.01 mg. of solids or even less per mouse unit; or, since 
the mouse unit is equal to about one-sixth of a rat unit, a rat unit 
of their product would weigh 0.06 mg. or less. From a reading of 
their paper, it seems probable that they may have been handi- 
capped by either lack of material or lack of a balance suitable for 
weighing the minute quantities at their disposal and, therefore, 
did not determine the weight of the mouse unit of their product 
with certainty. From our Table I, it is clear that they may have 
had a product whose potency was greater than they felt justified 
in claiming. In three preparations, Nos. 5, 10, and 12, made by 
our new simplified method, we obtained a product of which 
approximately 0.03 mg. equalled 1 rat unit; in one, No. 18, made 
by a slightly modified technique, the unit was 0.022 mg. In our 
subsequent fractionations of these products we have reduced the 
unit in one case to less than 0.01 mg. 

Table II requires little additional comment but the importance 
of its data may be emphasized by the following considerations. 

Whereas formerly we had been effecting the removal of choles- 
terol by the use of digitonin for its precipitation, we now use the 
favorable differences in the solubilities of cholesterol and the hor- 
mone in 70 per cent alcohol and petroleum ether. As has been 
stated before, the hormone is more soluble in 70 per cent alcohol 
than in petroleum ether, while the cholesterol is twenty-nine times 
as soluble in the latter solvent as in the former. Knowing the dis- 
tribution ratio of the substance to be removed and the total 
amount present, and being able to fix the volumes of the two 
solvents, the number of extractions to effect a certain degree of 
purification can be calculated from the formula developed here. 


If 
A total quantity of substance present, 
x quantity of that substance remaining in one solvent after one 


extraction, 
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A—x= quantity present in the other solvent after one extraction, 
Va = volume of the one solvent used, 
Vp volume of the other solvent used, 
Ca concentration of the substance in the one solvent, 
Cp = concentration in the other solvent, 
then 


— = }b, the ratio of the volume of the one solvent to the volume 


of the other, 
and 


— = Ca; 


= Cp. 


But 


hag K, or the distribution ratio of the substance in question 


C 
between the solvents concerned, or Cp = KCa; 
K2 
ence Vp ay 
Va A-z Kz 

i — =), Va = bVp, = —; 

And since Vp or va Pp, we have Vp bVp : 
b 


x 
A-z=K-; . A ——- 
Zz Ab— 2b = Kr; 2b = Ab; 


If now we wished to calculate the value of zz or the amount of cholesterol, 
or other substance whose distribution ratio is K, left in the one solvent 
after two extractions with a volume Vp of the other, we have: 


2 = 2 Kat where the previous z is the A or the total amount 
present at the start.of the second extraction. 
But 
b 
z=A— 
hence 


(b) b b 


i 
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| 
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In the same way 


and in like manner 


b n 
A 


Having this formula, and by taking the logarithm of both sides of the 
equation, the number of extractions necessary to effect the removal of all 
but an z amount of substance can be calculated, thus 


h n 
A{—— 
log x log 4 
log A + 1 : : 
K+ 56 


b 
log A + n log Kib 


b 
Log z, — log A = n log =; 


K + b 
log 7, — log A log 7, — log A 
n= or = . 
lo b log 6 — log (K + 5b) 
"ass 


To illustrate the use of this equation, take a case where 


b = 4, K = 29, A = 200 mg., 2: = 0.1 mg., and zz = 0.01 mg., then 


_ log 0.1 — log 200 3.3010 
log 4 — log 33 — 0.9160 
and 
log 0.01 — log 200 = — 4.3010 47. 


log 4 — log 33 — 0.9160 

It seems clear, then, that four extractions under the conditions outlined 
above will remove all but a little less than 0.1 mg., and five extractions will 
remove all but a little less than 0.01 mg. of the material distributed between 
the solvents. If it is desired to approach the question of removal of choles- 
terol in a simpler way, the cholesterol left in the 70 per cent alcohol after 


b 
each extraction is K+b < 100 per cent of the cholesterol present in that 


| 
h 2 h 3 
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medium just before extraction. Here where K = 29, and b = 4, this is ae 


or 12.1 per cent and the second extraction will remove 87.9 per cent of the 
12.1 per cent remaining after the first extraction, and so on with each 
successive extraction. 

At this point the effect of the presence of soap can be well brought out. 
When soap is present to the extent of 10 to 18 mg. per ce. in the 70 per cent 
alcohol, the distribution ratio of cholesterol between the alcohol and pe- 
troleum ether is 9.2 instead of 29. Hence the per cent of the original amount 
of cholesterol left in 70 per cent alcohol after one extraction with petroleum 


400 
ether is now TT) or 30.3. From the formula for the number of extractions 


necessary to effect a certain degree of purification, it may be shown that 
approximately twice as many extractions must be made in the presence 
of soap as in the absence of soap in order to effect the same removal of 
cholesterol. Thus in the example cited, seven and nine extractions would 
be necessary to remove all but 0.1 and 0.01 mg. of cholesterol in the presence 
of soap. 

We were curious to learn the value of the distribution ratio for the cho- 
lesterol in 70 per cent alcohol and in petroleum ether under the conditions 
prevailing in some of our preparations without sacrificing some of the al- 
coholic solution containing the valuable hormone. Ly the use of the for- 
mula developed below one can determine this ratio if determinations Of 
cholesterol in successive petroleum ether extracts are made and a record 
of the volumes of alcohol and petroleum ether in these manipulations is 
known. 

Thus if 

xz = amount of cholesterol in volumes Va of 70 per cent alcohol after one 

extraction with volume V7, of petroleum ether is made, 

Cy, = concentration of cholesterol in the first petroleum extract of Va; ce. 
of 70 per cent alcohol, 

Cp, = concentration of cholesterol in Vp2 ec. of petroleum ether of second 
extract when Vaz ec. of 70 per cent alcohol was extracted, 


then 
x 
ag concentration of cholesterol in 70 per cent alcohol after 
ay 
one extraction, 
and 
C. Cr Ve 
x x 
Vay 
from which 
Var 


| 
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But since 
Cp2 Vp2 = amount of cholesterol removed from zx quantity of cho- 
lesterol in 70 per cent alcohol by second extraction 
— Cp2 V ; 
= oe a concentration of cholesterol in 70 per cent aleohol after 
a2 
second extraction. 
Then 
Cpe 
= K or — = 
x — Cpr Vpr x — Cpe Vpe2 
Vag 


and since, from above, 


Cpi Vay 


we have 
Cp2 Vaz. &: Cpr Va, K Xk. 
Cn Vay Va, — Cpe K 
——— — Cp2 
K 
Cpe Vae 


= 1; Cp2 Vaz = Crm Var — Cpe K; 


Cr Va — Cp2 V pa K 


Cr: Va: — V 
Cn Va Cn Va~ Ca Va; Ko 
Cpe Vpe 


‘ Or since in our cases Va; = Vag or Va, 


x Va (Cpr — Cr) 
Cp2 V po 


Given the following figures for Preparation 12: 


Vian Vay 
23.0 ce. 0.945 100 
V pe Cpe Vay 
21.5 0.17 100 
Vps Crs Va; 

22.0 0.035 100 


100 (0.945 — 0.17) _ 


| 
i 
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_ 100 (0.17 — 0.035) _ 


= 18. 
22.0 X 0.035 


K 


The differences in the two figures and their deviations from the 
determined value for pure solutions may well be due to errors in 
the determination of such small amounts of cholesterol and pos- 
sibly to incomplete equilibrium between the two phases, and to 
the effect of the hormone or other substances upon the solubility 
of the cholesterol in 70 per cent alcohol. Regardless of this differ- 
ence, it is seen that the previous removal of soaps has been of 
value in keeping the distribution ratio of the cholesterol between 
70 per cent alcohol and petroleum ether high. 


TABLE IIL. 
Number of Ether Extractions Required to Remove Hormone from Soaps. 
Preparation 12. Preparation 16. Preparation 18, 
No, of ether extract. Rat 
Solids, | Rat units,} Solids, | Rat units,| Solids, aelie 
organic total. {organic tal. forganic. total. 
mg mg mg. 
per cc per cc per cc. 
1 14.2 840 21.1 | 1000 5.4 444 
2 1.9 156 1.0 170 0.56 125 
3 0.4 78 0.7 SO 0.18 27 
4 0.17 36 0.08 41 0.13 <15 
5 0.05 9 0.06 8) 
1119 1300 > 596 
<611 
Left in aqueous solution....... 31.8 |>15<45| 43.9 | >8<32) 27.1 10 


Since it appears desirable to remove the soaps before attempting 
the distribution between 70 per cent alcohol and petroleum ether, 
we have studied the question of the number of extractions of the 
soap solution necessary to remove the hormone. As we have 
found that soap increases the solubility of cholesterol in water, 
and since many investigators seem inclined to the view that the 
hormone is a lipid related to cholesterol, it is probable that soap 
would increase the solubility of the hormone in water. Though 
this may be true, our results in Table II] indicate that the hormone 
may be rather well removed by ether extractions. It is evident 
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that about 80 per cent of the hormone is removed by the first 
extraction and that four extractions are adequate to remove over 
96 per cent of the active principle. As we generally find a little 
soap in the ether extracts, it is advisable, in view of the subsequent 
step, to wash these ether extracts carefully with dilute alkali 
and then water. The ether extract is then distilled to dryness and 
is ready for the petroleum ether-alcohol procedure. 

In Table 1Va and IVb, data are given bearing upon the value of 
the distribution of the hormone, cholesterol, and solids between 
70 per cent alcohol and petroleum ether. In Preparations 8, 10, 
11, and 12 the solids from the preliminary ether extraction were 


TABLE IVa. 
Number of Extractions of Alcoholic (70 Per Cent) Solution with Petroleum 
Ether Necessary. 


Solids per 1 ce. of petrcleum ether. 
Extraction No. Solids per I ce, 
Prepara- in alcohol. 
tion No. 
1 2 3 4 5 6 
mg. mg. mg. mg. mg. mg. mg. 
8 19 3.8 0.8 0.23 0.36 0.28 

10 45.8 3.5 1.25 0.27 0.12 0.26 

ll 56.6 2.3 0.40 0.25 0.17 0.13 0.43 

12 48.2 1.8 0.4 0.12 0.08 0.07 0.27 

18 24.4 1.3 0.4 0.14 0.07 0. 235* 


*Alcohol distilled off without determining solids; value is calculated from 
ethereal solution of solids. 


suspended in approximately 100 ce. of 70 per cent alcohol which 
was then extracted with six successive portions of 25 cc. of petro- 
leum ether. The values of solids per cc. for these successive ex- 
tractions appear in Table IIIa; from these data it can be seen that 
the purification by this process becomes rather slow and ineffec- 
tive after the fourth extraction. For instance, in No. 12, both 
the fifth and sixth extractions removed less than 2 mg. 

Table IIIb illustrates the advantages of the petroleum ether 
extraction. For example, in No. 12 over 96 per cent of the solids 
and nearly 100 per cent of the cholesterol, but less than 2 per 
cent of the hormone, were removed from the alcoholic solution by 
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the petroleum ether. This is indeed an advantageous method of 
purification; by a simple easy extraction process the weight of a 
rat unit is decreased from 0.82 to 0.03 mg. with practically no loss 
of hormone. It will be noted that under the column headed 
“Petroleum ether. Rat units,” each figure is preceded by a 
< symbol; this merely means that in no case have we used enough 
of the petroleum ether extract to obtain a positive test. 

It seems rather clear from the data and discussion that the pro- 
cedure described yields a product of which about 0.03 mg. is 1 


TABLE IVb. 
Distribution of Solids, Cholesterol, and Rat Units between 70 Per Cent Alcohol 
and Petroleum Ether (B.P. 40-60°). 


Alcohol 70 per cent. Petroleum ether. 
Volume 

| | solids | Choles- Rat 

ume, left. terol, units. tions. | extrac- | C*trac- | terol. | units. 
ted. 
ce, mg. mg. ce. mg. m4). 

5* | 100 | 704 <12 | 3060 3 25 2205 615 |<187 
6a 50 o4 <1 | 4382 3 25 292 94 <34 
6b | 50 28.5 <1} 230 3 25 198 68 | <27 
8* | 100 | 980 540 6 25 285 <22 
10 90 26 0.017 | 800 6 25 585 248 | <34 
11 Sl 33 0.017 6 25 963 309 | <20 
12 100 27 0.017 | 900 6 25 717 326 <21 
R 40) 18 0.017 | 338 6 10 340 162 | <15 
18 50 10 0.017 | 457 5 15 208 85.6) <10 


* Distribution of solids differs from other data of table, due to the fact 
that soaps had not been completely removed. 
+ Not determined; maximum value calculated from distribution ratio. 


rat unit and that the losses incurred by the two important steps in 
the technique do not total more than 5 or 6 per cent. We have 
not determined the loss during the distillation of the alcoholic 
extract of the liquor folliculi, but are not disposed to think that it 
can be very extensive. The distillation is conducted at a low 
temperature 7m vacuo which limits possible odixation, and our 
yields are much larger than those reported by Laqueur and his 
collaborators or by Dickens, Dodds, and Wright. 


| 
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Attempts to Purify the Hormone. 


As our work increases the potency of the preparations, the 
supply of material (in mg.) for chemical investigation decreases. 
Though this is common knowledge to those working with hor- 
mones, vitamins, or other substances of this type, it may be worth 
while to give a concrete example derived from the data of this 
paper. We have just stated that the rat unit might be reduced 
by proper fractionation to 0.02 mg. or less per rat unit. Upon 
the basis of 0.02 mg. and 1000 units per liter of liquor folliculi, we 


TABLE V. 
Solvent Fractionation. 
Solvent fractionation of 5.4 mg. or 174 units; 1 unit = 0.031 mg. 


Dry residue 
extracted with 
petroleum ether. 


| | 


Solution Residue 
concentrated and cooled. extracted with ether. 


| | | 


Solution: Residue: Residue: Solution: 
3.0 mg. 1.75 mg. 1.04 mg. 0.80 mg. 
0.15 mg. = 1 unit 0.06 mg. = 1 unit 0.26 mg. = 1 unit 0.015 mg. = 1 unit 
30 units 30 units 4 units 53 units 


Units recovered, 117. 


can expect 20 mg. of this refined product per liter providing none 
is lost in the process of fractionation. Since we obtain about 1000 
ec. of liquor from 10 pounds of hog ovaries and the present price 
of ovaries from the packing house is about $2.00 per pound, the 
cost of this semipure product exclusive of work and reagents is 
about $1.00 per mg. Should Lipschiitz’s (1926) preliminary re- 
port be confirmed by later work (0.5 mg. from 500 cc. of liquor 
folliculi, and therefore about 1 mg. from $20.00 worth of ovaries), 
the price of isolation of the pure hormone and its chemical study 
assume staggering proportions. 
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With the above figures in mind it may be easily understood that 
we have attempted to work on an ultramicro scale. Pregl’s proce- 
dures for ultimate analysis and other methods devised by ourselves 
which require only minute quantities of material have been used. 
Fractionations of small amounts by means of solvents and by 
distillation 7n vacuo have been attempted. 

An example of solvent fractionation is given in Table V. Of the 
total units, approximately two-thirds were recovered; this discrep- 
ancy is probably not due to mechanical loss but more likely is 
due to cumulative errors in the biological testing or to loss by 
oxidation, since we have sometimes found that purified prepara- 
tions lose their potency quite rapidly. It will be noted from the 
table that this preparation was separated into two fractions, one 
soluble in petroleum ether and a residue which was partially solu- 
ble in ethyl ether. The latter was approximately twice as potent 
as the original preparation, but contained only one-third of the 
hormone. Obviously such a method of purification introduces too 
much loss of material to be of any practical value in the purifica- 
tion of the minute quantities at our disposal. 

Because of the numerous reports (Herrmann, 1915; Frank, 
1917; Fraenkel and Fonda, 1923) on thermostability of the hor- 
mone, we have turned our attention to the possibility of purifica- 
tion by fractional distillation in a high vacuum. In our best 
recoveries we have rarely obtained more than half of the rat units 
with which we started and in some cases much less. It has seemed 
to us that our better recoveries occurred when preparations of a 
high degree of potency were used for distillation, and though this 
might be explained upon the shorter time the hormone was exposed 
to the higher temperatures, it is quite probable that the chemical 
activity of the impurities may play an important réle in the loss of 
activity of the hormone. We are inclined to use thermostability 
as a relative rather than an absolute term. Depending upon the 
conditions prevailing during the distillation, the amount of loss of 
potency varies a great deal. In the experiments given in Table VI 
the loss was unusually small due probably to the brief time 
occupied in the distillation. 

Another point with respect to thermostability is worthy of 
mention; z.e., the criterion of thermostability. In work prior to 
1923 the method of testing extracts for potency was not adapted to 
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quantitative accuracy. Though results of a rough quantitative 
character could be obtained (Giesy, 1920) it may have been some- 
what difficult to detect losses in activity of 20 to 50 per cent. 
With the improved method of standardization of extracts (Allen 


TABLE VI. 
Vacuum Distillation. 


Preparation 61ah.—Fractional distillation of 4.45 mg. at 0.03 mm. pres- 
sure. > 90 units. 
Solids, Units. 
Distillate up to 184°. 2.7 mg. 1 unit 0.04 to 0.06 mg. > 45 — < 67 
Heating begun at 10.36. 
178S-184° from 10.45 to 


10. 53. 
Residue above 184°..... 1.96 mg. 1 unit 0.08 mg. 24 
4.66 mg. >69 < 


Preparation 10id.—Fractional distillation at 0.1 mm. pressure of 3.9 mg. 
125 units. 


Distillate up to 172°. 1.19 mg. 1 unit 0.016 to 0.026 mg. 46 — 74 
Heating begun at 12.43. 
170° at 12.51; stopped 
1.01. 
Cooled rapidly. 


Distillate 172-195°. 0.48 mg. 1 unit 0.05 to 0.075 mg. 6— 10 
Heating begun at 1.34. 
182° at 1.41. 
195° at 1.51; cooled 

rapidly. 
Residue above 195°..... 1.27 mg. 1 unit 0.098 mg. 7-13 
2.94 mg. > 59 < 97 


Distillation was conducted in a flask blown from a piece of 10 mm. 
Pyrex tubing; the side tube came off at the top of the flask. The entire 
flask up to the side tube was immersed in the oil bath. 


and Doisy, 1923), the loss of potency becomes easier and more 
certain of detection. According to Loewe (1925) the mouse smear 
method has an accuracy of 20 per cent. Though in some cases 
our losses do not exceed 20 per cent, in others the loss is as much 
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as 80 per cent and invariably we do find loss. Admittedly our 
results on thermostability are not clear cut, but they have im- 
pressed us so much that we have discontinued our attempts to 
purify the hormone by vacuum distillation. 

It is clear from Table VI that with Preparation 101d we have 
lost about 1 mg. of solids. This loss is inexplicable unless it was 
due to lower boiling substances in the distillate which were not 
condensed in our receiving tube. In the distillation of No. 6lah 
the decrease of activity was approximately the same as with No. 
101d but the recovery of solids (104 per cent) was complete. 


Chemical Characterization of the Purified Product. 


In attempting to learn something of the chemical nature of the 
hormone which might aid us in its actual isolation, we have per- 
formed a number of reactions which are given in detail below. 
Herrmann (1915), Fraenkel and Fonda (1923), Giesy! (1920), 
Frank and Gustavson (1925), and others have utilized some of 
these and still other reactions with the same object in mind. As 
none of us has worked with the pure hormone, a great deal of cau- 
tion should be exercised in the interpretation of results. It is 
easily conceivable and indeed probable that the pure substance 
will differ in some of its reactions from crude or semipure products, 
but since we believe that our preparations are considerably more 
potent than others which have been studied and that our test 
reaction is better adapted to the detection of loss of activity, we 
present our results for what they may be worth. 

Due to the excessive cost of material and the limitation of its 
supply, we have not attempted in this preliminary work to prepare 
and erystallize derivatives but have contented ourselves with a 
study of the effect of various reactions upon the potency. While 
this is not an entirely satisfactory procedure, it may give us use- 
ful information which may lead to the isolation of a derivative of 
the hormone. 


1 Attention should be directed to P. M. Giesy’s Dissertation, A chemi- 
cal study of the placental hormone, (1920) which due to the kindness of 
Dr. Giesy the authors have had the privilege of consulting. ‘This thesis 
is an extensive painstaking piece of work which appears to be a distinct 
advance over the earlier investigations of others interested in the placental 
hormone. 
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Oxidation.—As indicated in Table VII certain reagents will 
destroy the activity of the hormone, some slowly, others rapidly. 
Apparently any oxidation reaction where free oxygen is involved 
causes aloss. The ease with which activity is lost in some prepara- 
tions that stand in air or come in contact with air in heating has 
astonished us. That the same preparation standing in an inert 
gas or heated in such a gas is more stable points to oxygen or air 
as the offending agent. We have found that due to the fact that 
the access of air to such preparations is reduced to a minimum, our 
preparations in solvents with high vapor pressures are quite stable. 
It is an interesting point that solutions of the hormone in oil 
(Mazola) seem to be quite stable in air, which indicates that some 
mechanism for oxidation is absent, as oxygen can certainly pene- 
trate such solutions. We are inclined to believe also that oxida- 
tion (by HOBr) and not bromination accounts for inactivation 
when carried out in dilute bromine solutions at 0°C. 

That inactivation can be produced under non-oxidizing condi- 
tions by some reagents is certain. Such reagents as acetyl chlo- 
ride, benzoyl chloride, and a-naphthyl isocyanate are examples. 
This is interpreted as meaning that some distinctive group in 
the molecule of the substance is affected. It is not clear yet that 
some derivatives produced by such chemical reactions are them- 
selves totally inactive. Much work must be done to clear up 
such obscure points. 


Reactions of the Hydroxyl or Amino Group. 


a. Benzoyl Chloride-—When benzoylation was carried out using 
pyridine as solvent (Einhorn, 1898), there was an almost total 
loss of activity. The manner of carrying out the procedure was 
such that we believe the loss of potency to be due to a chemical 
action on some group in the molecule of the active substance. 
Either a hydroxyl group or an amino group could be involved. 
From the ultimate analysis about 8 per cent oxygen may be pres- 
ent. It would appear to be most reasonable to assume from this 
inactivation by benzoylation that part at least of the oxygen is 
there as the hydroxy] group. 

b. Acetyl Chloride.—Acylation in pyridine carried out by the 
above method gave a product which was also inactive. This 
would seem to be additional evidence that the action was due to 
the presence of the hydroxyl group. 


\ 
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c. Naphthyl Isocyanate.—It was desirable to study other types of 
reactions that might further throw light on the presence of the 
hydroxyl group which seemed to be indicated by benzoylation 
and acylation. Bickel and French (1926) have shown that 
a-naphthyl isocyanate reacts well with primary and secondary 
alcohols to produce urethanes. This led us to try this reagent on 
our preparations with the result again that most of the activity 
was lost. Although we feel that these reactions and the probable 
presence of oxygen in the hormone establish with a fair degree of 
certainty the presence of a hydroxyl, we recognize also that an 
amino group could also be acted upon by these reagents. For the 
present, however, we have disregarded the possibility of an amino 
group. In later work we expect to establish more definitely the 
presence or absence of these groups. 

Reactions of Carbonyl.—Attempts to prepare a hydrazone with 
p-nitrophenylhydrazine were unsuccessful. With phenylhy- 


TABLE VIII. 
Ultimate Analysis. 
Preparatic Molecular 
No. C N weight. 
per cent per cent per cent 
dil 80.5 10.7 0.93 418 
81.0 10.3 458 


drazine the reaction was conducted as usual for the preparation 
of a hydrazone. If such a product forms, it is clear from 
Table VII that the potency of the hydrazone must be of the same 
order as that of the hormone. We are inclined to doubt this pos- 
sibility and would rather tentatively conclude that the carbonyl 
group is absent. 

Hydrolysts.—Though we have lost part of the hormone in saponi- 
fication reactions, we are inclined to believe that this may have 
been due to causes other than hydrolysis. Active lipase prepara- 
tions did not produce much loss of potency and saponification with 
0.01 N sodium ethylate in 95 per cent alcohol caused very little 
loss of activity. 
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Reactions of the Double Bond: Hydrogenation and Bromination. 


The behavior of Preparations 5il and 5sl toward hydrogenation 
and bromination which is typical of other preparations seems 
significant. .The ease with which all preparations are quickly 
inactivated by dilute bromine at O°C. suggests that the active 
substance is unsaturated. From the instability of the hormone 
in air and toward oxidizing agents, workers in this field have gener- 
ally believed it to be unsaturated. Hydrogenation of samples for 
1 hour using platinum black and a pressure of 2 atmospheres did 
not materially reduce the activity. Under the same conditions 
oleic acid was hydrogenated in 5 minutes. This could mean that 
either the substance is difficult to hydrogenate or that saturation 
with hydrogen does not appreciably destroy its activity, or pos- 
sibly both. 

Ultimate Analysis.— Analysis of the 0.04 mg. product gave C 
80.8 per cent; H 10.4 per cent; N 0.9 per cent; P. 0.00. These 
percentages total only 92 per cent but further analyses were not 
made due to lack of material. It seems probable from some reac- 
tions that oxygen is present as hydroxyl which might make up the 
difference between 92 and 100 per cent. We have been much 
impressed by the similarity in certain properties between our 
preparations and the very active preparations of vitamin A of 
Takahashi, Nakamiya, Kawakami, and Kitasato (1925), particu- 
larly the ultimate analysis, molecular weights, and boiling point 
under reduced pressure. Although their molecular weights are a 
little less than ours, their boiling points are correspondingly lower. 
We realize, however, that any conclusions drawn from our prepara- 
tions with an activity of only 0.04 mg. per rat unit are highly 
speculative. 

Does the Active Princtple Contain Nitrogen?—Frankly, we have 
been much concerned over the fact that two of our preparations 
(Nos. 5il and 5k) have shown a nitrogen content by the micro- 
Dumas method (0.9 per cent) much in excess of any blank which 
we obtain on known nitrogen-free compounds. We cannot ac- 
count for the presence of this amount of nitrogen as an impurity, 
but hesitate to say positively that it is associated with the active 
principle of our preparation. Realizing the impossibility of 
settling such a question until the limit of potency of our prepara- 
tion has been reached, our attention has been turned more to the 
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purification of the substance. The amount of material involved 
(3 to 5 mg. for each analysis) has also been a factor in deferring 
other analyses. We hope that we may be able to settle definitely 
the question in the near future. 

Molecular Weight.—-By the freezing point depression method, 
the molecular weight using two different solvents turns out to be 
418 and 458. Based upon the assumption that nitrogen is a com- 
ponent of the hormone, and that there is 1 atom of N per molecule, 
the molecular weight is a little over 1500. This lack of agreement 
is impressive evidence that we have not obtained the hormone as a 
pure compound as yet. 


Chemical Methods Used. 


Acetyl Chloride.—0.18 mg. of Preparation 5s! in 0.5 ee. of pyridine was 
treated with 1 drop of acetyl chloride; tube became warm. 1 drop more 
added which produced a large precipitate. Kvaporated off ether and let 
stand 8 hours, Treated with 0.5 cc. of alcohol to destroy excess acetyl 
chloride; heated slowly to 95°C. and evaporated to dryness with vacuum, 
Oily residue dissolved in ether and transferred to bottle with 2 cc. of 
Mazola. Warmed to dissolve. 0.126mg. —. 

Benzoyl Chloride.—0.18 mg. of Preparation 5s! dissolved in 0.5 ce of 
pyridine. To this mixture 1 drop of benzoyl chloride was added. Heat 
developed and amount of precipitate increased when additional drop of 
C;H;COCI was added. Tube heated to remove ether; precipitate dissolved 
but appeared again on cooling. After standing 8 hours 0.5 ce. of alcohol 
added to destroy excess CsH;COCI. Heated on water bath and evaporated 
to dryness with vacuum. Oily residue taken up in ether and transferred to 
bottle with 2 ec. of Mazola. Warmed to dissolve. 0.045 mg. —; 0.12 +; 
0.18 +. 

a-Naphthyl Isocyanate.—0.25 mg. of Preparation 5s] in ether was evap- 
orated to dryness in a stream of CO.. To the residue was added 0.4 mg. of 
a-naphthy! isocvanate in 2 ee. of ligroin. Tube was heated in water bath 
for10 minutes. Distilled off solvent under reduced pressure and dissolved 
residue in 2.6 ec. of Mazola. 0.08mg. —:0.14mg. +. 

Hydrogenation.—In our tests on hydrogenation which we have carried 
out on several of our preparations we used PtO: prepared by the method of 
Adams and Shriner (1923). From 0.1 to 1.0 mg. of the hormone and about 
an equal quantity of PtO, in ether or alcohol, preferably the latter, were 
treated with a slow stream of hydrogen from a tank at about 2 atmospheres 
pressure. Time varied from 15 minutes to 2 hours, but in all cases the 
efficiency of the catlyst was checked against oleic acid. A typical experi- 
ment follows. 

0.86 mg. of Preparation 5s] in ether was evaporated to dryness in a stream 
of hydrogen. To the residue 1 cc. of alcohol and 1.0 mg. of PtO2. were added 
and the mixture treated with aslow stream of hydrogen at 1.5 atmospheres 
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pressure for 1 hour. Catalyst turrted black in 4 minutes. Solution centri- 
fuged and catalyst thoroughly washed with ether. Total ether-soluble 
solids recovered 0.80 mg. Solution had lost its yellow color. Hydrogenated 
0.033 mg. +; 0.044 mg. ++. 

Bromination.—In all the bromination experiments the hormone was 
dissolved in a 0.5 to 1 per cent solution of bromine in chloroform at 0°C. 
and maintained at that temperature in the dark from 5 to 30 minutes. 
Excess bromine was removed with a stream of CO», and the chloroform by 
using reduced pressures. 

Phenylhydrazine.—0.27 mg. of Preparation 5sl was treated with 0.3 
mg. of phenylhydrazine in 0.3 cc. of aleohol and a trace of acetic acid added 
(Kamm, 1923). Stood 20 minutes; evaporated to dryness with vacuum and 
mixture dissolved in Mazola for testing. 0.036 mg. +. 


SUMMARY. 


1. An improved method for the preparation of the hormone 
from hog liquor folliculi is described. The procedure advocated 
yields a product virtually free from cholesterol whose potency is 


from 25 to 40 rat units per mg. of solids. 
2. Some chemical reactions of the product having an activity 


of 0.04 mg. per rat unit are described. 
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INTRODUCTION. 


A few years ago the present writers (1) reported experiments 
which led them to conclude that the ammonia excreted in the 
urine is formed by the kidney. The findings leading to this con- 
clusion were essentially the following. (1) The blood of the renal 
vein contains two to three times as much ammonia as does the 
blood of the renal artery. (2) Systemic blood shows no increase 
in ammonia under conditions (acid injection, phlorhizin diabetes) 
which lead to several hundred per cent increase‘in the urinary 
ammonia. (3) In nephritis there is no accumulation of ammonia 
in the blood, though all other known non-protein constituents may 
show a marked increase. (4) The acidosis of nephritis cannot be 
explained upon the assumption that ammonia formation for acid 
neutralization is a generalized tissue function. If ammonia pro- 
duction for acid neutralization is limited to the kidney, the acido- 
sis of nephritis finds a more ready explanation. (5) The rate 
of blood flow through the kidney is not sufficient to account for 
the high ammonia content of diabetic urine. 

In a recent paper from Folin’s laboratory Sidney Bliss (2) has 
reported experiments upon ammonia formation and elimination 
which led him to disagree with the view of the present writers 
that the kidney is of preeminent importance in the formation of 
urinary ammonia. Bliss concludes that ammonia formation 
for acid neutralization is a “generalized tissue phenomenon.” 
The chief evidence offered by Bliss in support of this contention 
is as follows: (1) That while the blood leaving the kidney does 
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contain about twice as much ammonia as does the blood entering 
the kidney, the same general finding holds for certain other organs. 
(2) That ammonia does accumulate in the blood during experi- 
mental or human nephritis, providing vomiting does not occur. 
(3) That the ammonia content of the blood of herbivorous animals 
(excreting an alkaline urine) is less than that of carnivora. (4) 
That alkali administration in the dog may result in a lowered 
ammonia content of the blood. 

The question of the site of origin of ammonia is obviously an 
important one, and much interest therefore attaches to the very 
valuable experimental contribution to this problem which Bliss has 
offered. We do not agree with the theoretical interpretations 
which Bliss has made of many of his experiments, and feel it desir- 
able to offer the following discussion of the question of ammonia 
formation, in which we shall consider our own work as well as the 
recent contributions of Bliss and certain other investigators. 

The term ammonia formation may be used in either one of two 
ways. It may refer to ammonia formation even as a transition 
process, and without special reference to the ammonia formed for 
acid neutralization, or it may be employed in the more restricted 
sense in which we used it in our previous articles, as referring to the 
ammonia formed or utilized to neutralize acid in the body, and 
which normally appears in the urine. That ammonia formation 
in the first of these two senses is a general tissue process there can 
be little question. Certainly it is as general as is the process of 
deamination of the amino acids, for ammonia, at least as a transi- 
tion product, must be formed wherever nitrogen is split from the 
amino acids. In the following discussion, as in our previous papers 
on this question, we shall use the phrase ammonia formation as 
referring to ammonia formed to neutralize acid in the organism, 
unless stated otherwise. 

It may be of interest at the outset of our discussion to consider 
the quantity of ammonia in normal blood from a very general 
standpoint. In normal systemic human or dog blood the quan- 
tity of ammonia present does not materially exceed about 0.1 
mg. per 100 cc., and is frequently well below this figure. This 
quantity of ammonia is considerably less than is to be found in 
practically any of the purest common laboratory reagents. To 
obtain reagents as free from ammonia as is the blood, one must 
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almost invariably resort to repeated processes of purification. 
Though the ammonia content of human urine usually exceeds 
that of uric acid very considerably, we find that in human blood 
there is normally only one-twentieth to one-thirtieth as much 
ammonia as there is uric acid. There is no rise of the ammonia 
content of blood even in conditions such as diabetes which may 
lead to a 600 to 800 per cent increase in the urinary ammonia. 

The fact that the consistently low.values for blood ammonia 
are maintained even during conditions leading to a very high 
urinary ammonia suggests that the urinary ammonia has a site 
of formation close to where it enters the urine. Such site of 
formation would probably be the kidney. Acting on the basis 
of this obvious inference we were led to compare the ammonia 
content of the arterial and venous renal blood. It seemed logical 
that if the kidney produced the large amounts of ammonia 
found in the urine, traces of this compound should escape into 
the blood leaving the kidney, and might be demonstrable by a 
comparison of the ammonia content of the blood from the renal 
artery and vein. The results of such experiments, now confirmed 
from two other laboratories (2, 3), are so striking as to admit of 
no doubt that the kidney habitually forms ammonia in large 
amount. The ammonia leaving the kidney through the renal 
vein does not enter the blood for the purpose of neutralizing 
circulating fixed acid. Unless this is true the organism would be 
overwhelmed with ammonia in the course of a few hours, since 
the blood leaving the kidney contains such an excess of ammonia 
over that entering it. Bliss has not adopted this view, but it is 
obviously the only possible one unless we assume that the kidney 
is not, even in the normal organism, the chief site of ammonia 
excretion. As a result of the facts brought out in our previous 
papers we concluded that the kidney is cf preeminent importance 
in formation of urinary ammonia, and that ammonia never enters 
the blood stream for the purpose of acid neutralization. According 
to this view acids are transported in the blood in combination 
with fixed base or with protein, and are then combined with 
ammonia by the kidney and excreted as the ammonium salt into 
the urine. 

On the basis of facts already fully corroborated we may take it 
as definitely proven that to account for the urinary ammonia we 
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need look no further than the kidney. The question remains 
whether other tissues in the body also neutralize acid by means 
of ammonia. If so we must expect to find that increased acid 
in the circulation invariably results in increased ammonia in the 
circulation. 

Just as we must assume that the ammonia leaving the kidney is 
not “‘fixed’”’ ammonia, so we must assume that the presence of 
increased ammonia in the blood leaving any organ does not, per se, 
show that such ammonia ever neutralizes acid. It may be con- 
verted into urea within a very short time, just as is the excess 
ammonia leaving the kidney and as is the ammonia entering the 
liver through the portal circulation. To show that ammonia for- 
mation for acid neutralization is a general tissue function it would 
seem necessary to show that the same conditions which lead to a 
great increase in the urinary ammonia also result in an increase 
in the circulating ammonia in the blood. We shall discuss this 
point later, and shall meanwhile turn to consider another aspect 
of the ammonia problem. 


Evidence That Ammonia Formation for Acid Neutralization Is 
Not a Generalized Tissue Function. 


The question of whether increased ammonia is demonstrable 
in the blood from several tissues is obviously well worthy of study, 
and Bliss has rendered a valuable service in his contribution to 
this question. It is plain that the finding of increased ammonia 
in the blood from several organs other than the kidney (and where 
extraneous complicating factors are not present) would make more 
plausible the view that neutralization of acid by ammonia is a 
general tissue process, though it would by no means prove the 
correctness of such a conclusion. Bliss believes that he has offered 
data to prove that ammonia formation for acid neutralization is a 
“generalized tissue phenomenon.” We believe that Bliss has 
been led into errors of interpretation in this connection because 
he has emphasized certain limited positive findings (which are 
complicated by other factors) and has disregarded his negative 
findings, though these latter have very great significance. 

The experiments of Bliss on ammonia formation in various 
organs include a comparison of the ammonia content of systemic 
arterial blood with that of blood from (a) the pancreaticoduodenal 
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vein, (b) the splenic vein, (c) the femoral vein, (d) the jugular 
vein, (e) the vein from the adrenal, (f) the renal vein, and (qg) 
the hepatic vein. Thus the experiments of Bliss in this connection 
were designed to study ammonia formation in at least seven 
different tissues. Before discussing the results which Bliss reports 
we shall consider what results might have been expected, providing 
we keep in mind certain well known relevant facts. It would 
seem reasonable that if ammonia formation for acid neutraliza- 
tion occurs elsewhere than in the kidney, the organ or organs pre- 
eminent in deamination and in urea formation (liver, muscles) 
should show most, or at least some ammonia formation. It 
should also be expected, we believe, that blood drawn from close 
proximity to the gastrointestinal tract should very probably show 
increased ammonia, because it is well known that the gut con- 
stantly contains large amounts of ammonia resulting from bac- 
terial action and from the hydrolysis of proteins. We should 
therefore tend to be suspicious of the origin of ammonia con- 
tained in blood returning from close proximity to the gastroin- 
testinal wall. 

We now turn to consider Bliss’ results in these experiments. 
Of the blood from seven different sources which he examined, 
only that from two sources, the kidney and the wall of the gut 
(pancreaticoduodenal vein), showed marked increased ammonia. 
The blood from the splenic vein showed a slight, though definite 
tendency to increased ammonia. But not in one of the normal 
dogs used in these experiments (except in one, the blood of which 
was taken during digestion) was there a greater increase in the 
ammonia of the blood of the splenic vein than might be found as a 
result of individual analytical variations. Anatomical findings 
show that the splenic vein frequently has anastomosis with veins 
from the pancreatic-duodenal supply. We therefore suggest as the 
most logical conclusicn that the increased ammonia in the blood 
of the pancreaticoduodenal vein, and the trace of increased am- 
monia in the blood of the splenic vein were absorbed from the 
upper portion of the intestinal tract. This conclusion is especially 
indicated in view of the negative results with other tissues. Bliss 
recognizes possible contamination of the pancreaticoduodenal 
blood with ammonia from intestinal sources, and attempted to 
guard against it by pointing the needle through which the blood 
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was drawn in a special direction, and by examining the duodenum 
and finding that it was “clean.” So crucial a point as the one 
here involved should have had more adequate control. Only the 
demonstration that analysis of the upper intestine plus contents 
failed to reveal appreciable quantities of ammonia would seem 
to meet the demands. 

Thus because of the inadequate control by Bliss of the possible 
source of the ammonia, we must tentatively conclude that the 
increased ammonia in the blood taken from close to the gut was 
absorbed from the gut. Certainly it is notable that just as soon 
as Bliss experimented at a moderate distance from the wall of the 
gastrointestinal tract no trace of ammonia formation could longer 
be demonstrated, other than the two- to threefold increase found 
in the blood from the kidney. 

We regard the failure to find any ammonia formation in the 
muscles, and especially in the liver, as of the utmost importance 
as pointing to the kidney as the sole source of ammonia for acid 
neutralization. Were tissues other than the kidney concerned in 
ammonia formation the liver might be expected to be preeminent, 
and the muscles should contribute. The results here were en- 
tirely negative. Yet on the evidence cited Bliss concludes that 
ammonia formation is ‘‘a generalized tissue phenomenon.”’ 
Must we not rather conclude that Bliss’ experiments in this con- 
nection afford definite proof that ammonia formation is nol a 
generalized tissue phenomenon? 


The Source of Ammonia Contained in Vomitus. 


Bliss believes that he has demonstrated that the organism can, 
when the kidney function is shut down upon, excrete ammonia 
through the gastrointestinal tract so that ammonia can be lost 
from the blood and tissues by means of vomiting. This question 
is not especially pertinent to the point at issue in ammonia forma- 
tion, but we shall discuss it because we feel that it is of definite 
interest, and because we can offer a few experimental data bearing 
upon it. Three experiments are recorded in which Bliss thinks 
that he has shown the loss of ammonia from the blood of partially 
nephrectomized dogs by vomiting. Adequate controls are 
lacking. No experiments are reported to show that the gastro- 
intestinal tract of normal fasting dogs is reasonably free from 


S. R. Benedict and T. P. Nash, Jr. 387 


ammonia.! We have carried out a few experiments along this 
line. In one dog, weight 15.6 kilos, which was fasted 3 days and 
given a cathartic (castor oil) we found a total of 800 mg. of 
ammonia nitrogen in the fluid feces collected during a period of 4 
hours. This ammonia represents several times the total urinary 
output of ammonia for this normal animal during 24 hours of 
fasting. A second dog of about the same weight after 3 days of 
fasting yielded 91 mg. of ammonia nitrogen in one sample of 
fluid feces. We have not pursued the question further. The 
burden of proof appears to lie with anyone who, like Bliss, as- 
sumes that the ammonia coming from any portion of the gastro- 
intestinal tract has not been formed within some portion of that 
tract, but is excreted from the blood stream into the gut. Two 
of the protocols offered by Bliss may be cited. Thus he reports 
((2), Table VIII) that a dog weighing 10.1 kilos vomited 62.6 
mg. of ammonia nitrogen within a period of 6.5 hours after 
double nephrectomy. This quantity of ammonia (nearly 10 mg. 
per hour) is approximately double the quantity of ammonia which 
would have been eliminated in the urine of a normal fasting dog 
weighing 10 kilos. This dog had apparently eaten some meat 
prior to operation, but we still conclude that the enormous am- 
monia output in the vomit did not represent ammonia excreted 
from the blood into the stomach. It would seem doubtful if even 
after nephrectomy the stomach could become so efficient an 
excretory organ as to equal or excel the normal kidney in this 
function. 

In Table LX of his paper Bliss reports that a dog weighing 5.75 
kilos vomited 240 mg. of ammonia nitrogen in 3 days “and not all 
the vomitus could be collected.”” The vomited ammonia (240 
mg.) represents probably quite as much of this compound as a 
normal animal of less than 6 kilos weight would have eliminated 


1 The only controls reported by Bliss in connection with the source of 
the ammonia contained in the vomit of his uremic dogs are experiments in 
which vomiting is induced in normal dogs after introduction of urea solu- 
tion into the stomach. Such experiments are hardly adequate. In sick 
nephrectomized animals lessened absorption may contribute to excessive 
accumulation of ammonia in the gut, or antiperistalsis may lead to am- 
monia entering the stomach from the intestine in increased amounts in 
such animals. 
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through the kidneys during 3 days of fasting. One cannot but 
speculate as to whether any of this enormous ammonia output in 
the vomit came from the blood and tissues. Of this animal Bliss 
writes “the striking reduction from 0.25 mg. to 0.14 mg. was made 
within a period of 20 minutes, coincident with the elimination of 
63.8 mg. of ammonia nitrogen in the vomitus, vomiting being in- 
duced by forcing fluids by stomach tube.” Here Bliss assumes 
that some 60 times the total ammonia contained in the circulation 
of this animal at any one time was excreted into the stomach 
within a short time. Obviously there can be no such rate of ex- 
cretion of ammonia into the stomach, even though the entire 
body of this animal had contained such an amount of ammonia 
to be excreted. Like the experiment of Bliss’ cited above, this one 
suffers because of the discrepancy between the ammonia found 
and the quantity which could be reasonably expected were it de- 
rived from the blood. Another doubtful inference to be noted in 
the discussion by Bliss of the vomiting experiments is his conclu- 
sion that the vomiting act per se is the necessary factor in ridding 
the organism of ammonia. If the excretion of ammonia into the 
gut takes place when the activity of the kidneys is shut down 
upon one would expect that the stomach should act like the 
urinary bladder, and that the vomiting act should not be sud- 
denly effective in lowering the blood ammonia, any more than 
washing out the urinary bladder will result in a sudden lowering 
of the blood urea. We feel that Bliss has not demonstrated the 
excretion of ammonia into the gut under any circumstances. 
Antiperistalsis may be a factor in sick nephrectomized or uremic 
animals, whereby ammonia is carried in greater quantity from 
the intestine into the stomach than would occur in normal ani- 
mals. Vomiting might contribute to a lowered blood ammonia 
because of a decreased rate of ammonia absorption following 
vomiting. It would seem that when one is dealing with ques- 
tions of ammonia within the orga:ism, and within the gastro- 
intestinal tract at the same time, the greatest caution should be 
exercised in reaching conclusions. 


The Blood Ammonia in Nephritis and in Uremia. 


Bliss gives an extended series of experiments and a considerable 
amount of discussion to show the accumulation of ammonia in the 
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blood in human and in experimental nephritis. Apparently he 
thinks that the entire question of the production of urinary 
ammonia by the kidney hinges upon this point. We are not at all 
prepared to adopt this view. We merely pointed out in our 
original paper that the generally negative findings as to the 
accumulation of ammonia in the blood in nephritis can best be 
explained upon the basis that ammonia for acid neutralization 
is formed in the kidney. We are still of this opinion. We were 
unable to demonstrate the accumulation of ammonia in the blood 
of nephrectomized dogs, entirely irrespective of whether they 
vomited or not. In a series of carefully conducted experiments 
Dorothy Russell (4) found no accumulation of ammonia in the 
blood of human nephritics. There is every reason to doubt that 
these cases were vomiting more ammonia than they absorbed 
from the gastrointestinal tract. 

Very recently Van Slyke and collaborators (5) have reported 
an extended investigation of the acid ammonia ratio in the urine 
and the ammonia content of the blood in nephritic cases as 
compared with normal individuals. Their studies cover a wide 
range of types and degrees of nephritis. In discussing their find- 
ings Van Slyke and collaborators state: 


“The ammonia content of the blood was as low or lower in those forms 
of nephritis with diminished ammonia output as in normal individuals. 
The fall in ammonia excretion in glomerulonephritis appears, therefore, 
due not to ammonia retention in the body, but to failure to form ammonia 
in proportions normally related to those of the acid metabolites. The 
concurrence of diminished ammonia formation with diminished kidney 
function is compatible with the conclusion of Nash and Benedict that 
ammonia is formed in the kidney.”’ 


Plainly these findings cannot be reconciled with the view that 
ammonia formation is a general tissue process, unless we are 
to accept the wholly improbable and unwarranted conclusion that 
so soon as the kidney becomes damaged ammonia is excreted 
into the gut while the acids with which it is combined are returned 
to the circulation to be eliminated by the kidney. 

We should expect theoretically that whenever, as in uremia, 
there is a marked accumulation of urea in the blood there may be 
some slight accumulation of ammonia. Bliss, in speaking of the 
blood ammonia values in his nephritice dogs says, “among them- 
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selves they grade up as the non-protein nitrogen values do.” Bar- 
nett and Addis (6) obtained very high values for the blood am- 
monia in rabbits after giving large quantities of urea. While the 
analytical method employed by Barnett and Addis may be open 
to criticism, the ammonia values obtained (up to 11 mg. per 100 ce. 
of blood) are so very high compared to their controls, as to admit of 
little doubt that great increases in the urea content of the blood 
may lead to an increase inthe ammonia. We believe that this is 
quite to be expected. The trace of ammonia circulating in normal 
blood represents, we believe, the equilibrium which the tissues 
usually maintain between urea and ammonia.” Hence a great 
increase in the blood urea might be expected to result in 
some increase in the blood ammonia. We were unable to find 
such increase In our dogs, but apparently Bliss has sueceeded in 
doing so in uremic animals and in human cases of uremia. 


The Blood Ammonia in Herbivora and in Dogs after Alkali 
Administration. 


Bliss believes that the finding that herbivorous animals have 
a lower blood ammonia speaks against the view that the kidney is 
preeminent in ammonia formation. We fail to see the force of 
this argument. In the dog much larger amounts of ammonia 


2 In his discussion, and again in his summary, Bliss suggests ‘‘a shift of 
emphasis from the ammonia content of venous blood to that of arterial.’’ 
We were not aware that the ammonia content of venous blood has had undue 
attention. In any event since the ammonia values of systemic arterial 
and venous blood are identical, as shown in Bliss’ work as well as our own, 
we fail to see any gain in a shift of attention from one to the other. On 
page 117 of his paper Bliss says: ‘“Table VI is a comparison of carotid with 
jugular blood. Normal dogs show no difference between the ammonia 
content of carotid and jugular blood.’’ But on page 127 of the same paper, 
in discussing the “‘Significance of Arterial Values”’ Bliss gives a somewhat 
different interpretation of Table VI. Here he says: ‘Table VI gives the 
carotid values for a representative portion of our dogs. In non-nephrities 
the values are generally lower and in the nephrities (due to acidosis) higher. 
This would necessarily be the case if the ammonia of arterial blood is there 
on its way to the kidney for excretion.’’ There is nothing very clear to us 
in this apparently contradictory discussion. But we might suggest that 
if, as Bliss assumes, ammonia is freely excreted into the gut in nephritic 
dogs, arterial values for ammonia should average higher than venous 
values in such animals. Apparently the contrary is true. 
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are formed in the kidney and find passage into the blood than is 
the case in herbivorous animals. It is also quite probable that 
the lower protein content of the food of herbivora results in 
absorption of less ammonia from the gut. We have already sug- 
gested that the ammonia normally present in the circulation 
represents an equilibrium between urea and ammonia. Obviously 
when, as in herbivora, less ammonia reaches the circulation, we 
should expect a generally lower blood ammonia. If one injects 
ammonium carbonate continuously into the circulation of an ani- 
mal one should expect to find more ammonia in the blood of such 
an animal, even though the great bulk of the ammonium carbonate 
is converted into urea. This is what we believe occurs in the dog 
as compared with the rabbit or goat. That the kidney in these 
herbivorous animals forms no appreciable amount of ammonia 
has already been demonstrated (2, 3). A quite similar condition 
occurs in the dog when enough alkali has been given to lower 
ammonia production by the kidney. We did not obtain clear cut 
results in such experiments, but we did not infer that our findings 
especially corroborated or controverted our general theory. We 
reported the inconclusive findings, and stated that further work 
was necessary to determine the effect of alkali administration. 
Apparently Bliss has succeeded in giving enough alkali to diminish 
the ammonia in the renal vein and in the general circulation. 
Such findings, like those with the goat and rabbit, are quite in 
agreement with the view that the kidney alone is responsible for 
ammonia production. 

It is of interest to point out further in this connection that the 
urinary ammonia may be increased in amount under special con- 
ditions which result in a simultaneous increase in the alkali 
reserve of the tissues. Hendrix and Sanders (7) have reported 
that fasting dogs show an increased excretion by kidney of both 
titratable acid and ammonia after injections of disodium phos- 
phate and of sodium hippurate, either of which salts increases 
the available alkali in the blood (as indicated by an increased 
carbon dioxide-combining capacity) and probably also in the 
other tissues. Of these results Hendrix and Sanders say: 


“The older conception of the formation of urinary ammonia assumes 
that it reacts with acids formed in the tissues and is then excreted by the 
kidney. . . . . If the inerease of urinary ammonia observed in this study 
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did not have its origin in the kidney, some new explanation for the forma- 
tion in other tissues of the animal body must be found.’’ 


Bliss reports experiments with urease and ammonium carbonate 
injections to show the toxicity of ammonium salts. Obviously 
a finding of high toxicity of ammonium salts is in harmony with 
the view that the tissues do not form ammonium salts. We feel, 
however, that Bliss was unfortunate in his selection of ammonium 
carbonate for this study. The carbonate of ammonium is strongly 
hydrolyzed in solution, so that its effects cannot safely be attrib- 
uted to the ammonium ion. Studies with the ammonium salts 
of hydrochloric, lactic, or butyric acids might have afforded more 
satisfactory evidence of the effect of the ammonium ion in the 
circulation. 


The Blood Ammonia and the Urine Ammonia during the 
Transportation and Excretion of Abnormally Large 
Quantities of Acrd. 


Bliss fails to consider adequately what is, we believe, the main 
issue in the ammonia problem. Thus in some of Bliss’ protocols 
we note the injection or feeding of hydrochloric acid, and the use 
of phlorhizinized animals. Apparently these experiments were 
made in connection with the study of the question of ammonia 
formation. Yet Bliss does not mention the results of such experi- 
ments in discussing the protocols where they are recorded, and we 
find very little reference to them later in the paper. It is therefore 
desirable to emphasize that the experiments of Bliss in this 
connection corroborate our own similar earlier experiments in that 
they fail to show any ammonia increase in the blood following 
procedures which enormously increase the ammonia in the urine. 
Concerning the effect of acids upon the blood ammonia Bliss states: 
“We have shown that a physiological influx of acids does increase 
the concentration of ammonia in the blood when means are devised 
for showing it.’”’ The exact significance of this statement is not 
clear to us, but apparently it refers to some results obtained by 
Bliss with uremic animals or with human cases of uremia.’ In 


3 Bliss mentions one or two experiments in which very high blood values 
for ammonia are obtained within 0.5 hour or so after double ureter ligation. 
We know of no theory of ammonia formation which would account for such 
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any event it evades the main question, and does little to clear 
up the problem involved. Fortunately we do not have to con- 
cern ourselves with what is meant by a “physiological influx of 
acids,”’ nor need we limit ourselves to uremia, with its extraneous 
complicating factors, as the only condition suited to the study of 
acid neutralization in the organism. Through the introduction 
of mineral acid into the circulation, or through the use of phlor- 
hizin, the urinary ammonia can be increased 400 to 800 per cent 
above the fasting level. Yet under these conditions there is no 
increase whatever in the blood ammonia. In regard to no other 
known constituent of blood and urine can this finding be 
duplicated. 

In commenting on his failure, as well as our own, to find in- 
creased ammonia in the blood in phlorhizin diabetes Bliss says: 


“Our results with phlorhizin-poisoned dogs are in agreement with those 
obtained by Nash and Benedict, but we see no argument here for localizing 
ammonia formation in the kidney. The plasma CO, values of 38.1 to 54.1 
reported by them, in spite of high urinary ammonia values, cannot be inter- 
preted as indicating a severe phlorhizin acidosis, and the normal values 
obtained by them and us are quite to be expected in the absence of a marked 
acidosis.”’ 


Such a statement shows a complete failure to appreciate what 
is probably the most fundamental and important point in connec- 
tion with the problem of ammonia formation. If one who, like 
Bliss, has presumably given the question of ammonia formation 
some special consideration can so entirely fail to grasp the sig- 
nificance of enormous urinary ammonia values without increased 
blood ammonia values, we deem it important to discuss the point 
here involved in detail. 

The position taken by Bliss assumes that acids can be trans- 
ported as ammonium salts through the general circulation to the 
kidney in quantity sufficient to increase urine ammonia several 
hundred per cent above the normal, and yet under such conditions 
only the normal blood values for ammonia are ‘‘to be expected,” 


great accumulation within such a short time. Other blood constituents do 
not show accumulation within such a short period. It may be noted that 
the kidneys were still present in these animals and perhaps absorption of 
urine contributed to the unaccountable results obtained. 
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until acidosis appears, though acidosis simply indicates that 
excess ammonia production has ceased or is not sufficient to 
neutralize the circulating acid! 

Our view of ammonia production by the kidney involves the 
corollary that acids are transported in the blood not in combina- 
tion with ammonia, but in combination with fixed base or with 
protein. The kidney then forms ammonia, combines it with the 
acid and excretes the resulting ammonium salt in the urine. 
The older view, still held by Bliss, is that the tissues in general 
neutralize the acids with ammonia, and that the resulting am- 
monium salt is transported in the blood and excreted by the 
kidney. Acidosis cannot, according to this view, be the deter- 
mining factor for increase of ammonia in the blood. Increased 
quantity of circulating acid combined with ammonia would be the 
sole determining influence to raise the blood ammonia. Thus 
according to this view a demonstrable increase of acid in the blood, 
and which causes an increase of ammonia in the urine, must result 
in an increase in the blood ammonia. According to the view we 
have taken, increase of acid in the blood should not result in in- 
crease of ammonia in the blood. Thus according to our view only 
the urinary ammonia reflects acid transported in the blood. <Ac- 
cording to the older view both blood and urine ammonia values 
must increase following excess acid in the circulation. 

We believe that the point brought up here is altogether the most 
important and fundamental one in connection with the problem 
of ammonia formation. Hence we look upon the results obtained 
in a study of this question as crucial in deciding between the two 
views of ammonia formation. 

Fortunately the conditions are ideal for studying the point 
whether excess acids which appear in the urine combined with 
ammonia also circulate in the blood combined with ammonia. 

The method for determination of ammonia is perhaps the most 
delicate and sensitive chemical analytical method in existence. 
By its proper use any increase, slight or marked, of ammonia in 
the blood can probably be more surely demonstrated than can the 
increase of any other blood constituent. Conditions are readily 
produced in the organism (acid injection, phlorhizin diabetes, 
diabetes mellitus) where the urinary ammonia can be increased 
500 to 800 per cent above the fasting level. In both phlorhizin 
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diabetes and diabetes mellitus the presence of increased acid radi- 
cle in the blood may be readily demonstrated, thcugh the analyti- 
cal methods for diacetic and $8-hydroxybutyric acids are very 
crude as compared with the method for ammonia detection and 
estimation. If the acids are being transported in combination 
with ammonia there can be no difficulty in demonstrating that fact. 
Our results showed that blood carrying increased acid, in quantity 
sufficient to cause a tremendous increase in urine ammonia, showed 
no more ammonia than did the blood in simple fasting. Bliss has 
now confirmed these findings. 

In such experiments on acid transportation there are no compli- 
cating factors. The issue is clear and simple and the findings are 
equally clear and simple. The acids are demonstrably increased 
in both blood and urine.t| The ammonia is increased only in the 
urine. Hence the acids are not transported as ammonium salts, 
and all the increased urinary ammonia must be formed in the 
kidney. It is only a reasonable assumption that the same mech- 
anism which can meet the strain of ammonia formation for the 
excess acids, performs the same function under normal conditions. 
That the kidney does constantly form ammonia we have shown by 
direct analysis of blood entering and leaving this organ. In two 
other laboratories (2, 3) this finding has been confirmed. Bliss 
has offered the further corroborative evidence that no ammonia 
is formed in the liver or muscles. Hence we regard the view that 
formation of ammonia is preeminently a function of the kidney 
as now definitely proven beyond question. No known facts are 


4Van Slyke and Fitz (8) report that in the blood of human diabeties they 
have found as high as 250 mg. of total acetone bodies (calculated as acetone) 
per 100 ec., while patients under ordinarily good control show 10 to 40 mg. 
of acetone bodies per 100 ec. of blood. If as much as 10 mg. of acetone 
bodies (calcuiated as acetone) were transported in 100 ec. of blood combined 
with ammonia, the ammonia nitrogen figure for the blood would have to 
reach at least 2 mg. per 100cc. Inthe more severe types of cases the figures 
would thus have to be increased at least ten or twenty times (to 200r 40 mg. 
per 100 cc.) if the circulating acid is in combination with ammonia in the 
blood. Yet in no cases of diabetes, mild or severe, is there increase of am- 
monia in the blood above the normal level of considerably less than 0.2 mg. 
per 100 ce. Obviously then, the acids which circulate in the blood in dia- 
betes, and which are eliminated in the urine chiefly in comlunation with 
ammonia, do not circulate in the blood in such combination. 
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in serious disagreement with this view. It adequately explains 
findings which can be explained upon no other basis. The most 
cogent argument so far advanced against the view is its novelty. 
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THE DETERMINATION OF PROTEIN IN SPINAL FLUID, 


WITH A NOTE ON THE INCREASE IN PROTEIN 
IN THE SPINAL FLUID IN TYPHUS FEVER. 


By SCHMORL M, LING, 


(From the Chemical Laboratory, Depariment of Medicine, Peking Union 
Medical College, Peking, China.) 


(Received for publication, June 2, 1926.) 


The Folin and Denis (1) method of nitrogen determination by 
direct Nesslerization has been applied in this laboratory to the 
estimation of protein in spinal fluid, but a serious difficulty has 
been encountered. In almost every determination, turbidity 
developed after Nesslerization although the original directions 
were followed as closely as possible. Folin and Denis have 
already pointed out this difficulty, explaining it as due to the pres- 
ence of silicates formed by the action of acid and heat on the glass 
during the destructive digestion. However, the solutions ob- 
tained in nitrogen determinations in blood and urine and the 
standard solution did not show clouding, suggesting that the tur- 
bidity may not be due to the silicates alone, in this case at least. 
Kahn (2) experienced this same difficulty when he attempted to 
apply the method to determinations in spinal fluids. He proposes 
to filter the solutions, both standard and unknown, before Nessleri- 
zation. We tried this procedure and found that the color of the 
filtered solutions was comparatively lighter than that before fil- 
tration. It was then thought that by filtration some nitrogen was 
held on the filter paper and this was confirmed by adding a few 
drops of Nessler’s solution. 

Then we tried the method of Denis and Ayer (3) of measuring 
the turbidity produced by adding sulfosalicylic acid solution to 
the fluid. They used 0.6 cc. of spinal fluid for a determination 
and read the turbidity by means of a nephelometer, having a test- 
tube of 4 cc. capacity. But the lack of this instrument compelled 
us to convert a Duboseq colorimeter into a nephelometer (4). 
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This device requires a large amount of fluid for a single determina- 
tion and is, therefore, unsuited for general use since as a rule only 
about 2 ce. of fluid are available. 

I'inally we endeavored to find some simpler technique adapted 
to the equipment at our disposal. Wu (5) has recently developed 
a new colorimetric method for the determination of plasma pro- 
teins by making use of the color reaction of protein with phenol 
reagent. A colorimetric method was thus developed which is 
much simpler than any of the other methods and apparently as 
accurate. 


Reagents. 


Standard Tyrosine Solution.—Dissolve 50 mg. of tyrosine 
(Pfanstiehl) in 250 ec. of 0.1 N hydrochloric acid. 1 ec. contains 
0.2 mg. of tyrosine. No change in this solution has been observed 
in the course of 10 months. 

Phenol Reagent (6).—To 750 gm. of water add 100 gm. of sodium 
tungstate, 20 gm. of phosphomolybdie acid, and 50 ec. of phos- 
phoric acid (85 per cent). Boil for 2 hours with a reflux condenser, 
cool, and dilute to 1 liter. 2 ce. will give the maximum color with 
1 mg. of tyrosine. 

Sodium Carbonate Solution.—20 per cent solution. 


Determination of the Tyrosine Equivalent of the Protein in Spinal 
Fluid. 


The protein of 5 ec. of spinal fluid was precipitated with tungs- 
tic acid in a 50 ce. centrifuge tube according to the directions of 
Folin and Wu. The mixture was allowed to stand undisturbed 
for 1 hour, and then centrifuged until the supernatant liquid was 
water-clear. The supernatant liquid was carefully decanted off 
and the tube was drained in a rack for 1 minute, by resting the 
mouth of the tube on a pad of filter paper. The precipitate in 
the centrifuge tube was thoroughly stirred in 5 ec. of water with a 
slender glass rod and the resulting solution was made water-clear 
by adding 1 drop of the 20 per cent solution of sodium carbonate. 
1 ec. of this solution was taken for nitrogen determination by the 
micro-Kjeldahl method (7). An aliquot portion was measured 
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for tyrosine determination as described below. It was found that 
1 mg. of tyrosine is equivalent to 19.1, 18.8, 19.3, and 19.0 mg., 

respectively, averaging 19.1 mg. of protein (N X 6.25) in spinal 
fluid. 


Two standard tubes and the unknown are prepared as follows: 
Standard 1. |} Standard 2.| Unknown. 
ce. ce, cc. 

Standard tyrosine solution............. 0.2 0.4 0 
Sodium carbonate 20 per cent* ........ 0.8 0.8 0.8 


* Wu and Yen (Wu, H., and Yen, D., J. Biochem., Japan, 1924-25, iv, 
365) found in studying the chromogenic value of denatured proteins that 
the use of sodium hydroxide instead of sodium carbonate developed more 
color. By substituting 5 per cent sodium hydroxide for 20 per cent sodium 
carbonate we obtained concordant results in several parallel determina- 
tions. But more color develops in 5 minutes than is produced in the pres- 
ence of sodium carbonate in 15 minutes. So here a5 per cent solution of 
sodium hydroxide may be used with advantage. 


Rubber stoppers are inserted and the solutions are mixed by 
inverting the tubes. The tubes are then allowed to stand for 15 
minutes, after which they are compared colorimetrically. Two 
standards at different strengths are prepared, and that which is 
closer, by inspection, to the color depth of the unknown solution 
after standing is used in the colorimeter. In making the color 
comparisons both solutions should be absolutely clear and with no 
trace of precipitate. 


15 
Calculation.—If Standard 1 is used and set at 15, then = X 


R 
100 
0.04 « :% « 19.1 = mg. of protein per 100 ee. of spinal fluid. 
16 100 
With Standard 2 set at 15, R x 0.08 = <x 19.1 = mg. of 


protein per 100 ce. of spinal fluid. 
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Results. 


A series of parallel determinations of protein in spinal fluid was 
carried out by the method described and by the micro-Kjeldahl 
determination of precipitated nitrogen. The results are given in 
Table I, with additional parallel determinations in Table II. By 
this method the normal cases range from 18.8 mg. per 100 ec. to 
37.9 mg. per 100 cc., averaging 25.5 mg. per 100 cc. 


TABLE I. 
Total protein. 
Hospital No. Diagnosis. 
New method, (NX 625). 
mg. per 100 cc. | mg. per 100 cc. 
Normal. 18.8 
“ 20.4 20.5 
22.8 23.0 
23.1 
29.8 29.5 
37.9 
13085 Tuberculous meningitis. 93.5 93.8 
12629 100.7 100.5 
7531 131.9 
3902 135.6 136.0 
12550 168.0 
13123 260.4 261.0 
12994 Meningococcus “ 278.0 
78473 Syphilis of central nervous sys- 53.0 53.1 
tem. 
12794 Primary syphilis. 50.4 50.3 
8932 Tertiary ” 63.4 63.2 
12876 Congenital “ 99.4 
12742 Tetanus. 68.7 68.5 
12481 Interstitial keratitis 44.9 44.0 
(non-syphilitic). 
12659 Rickets. 15.2 15.5 


Spinal Fluid Protein in Typhus Fever. 


Table II shows the results of sixteen determinations in cases of 
typhus fever. In all but two instances, there is a definite increase, 
the content ranging from 41.1 mg. to 86.8 mg. per 100 ce. This 
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confirms the findings of Karwacki (8) whose figures varied from 
18 mg. to 60 mg. per 100 cc. 


TABLE IL. 
Total protein. 
Hospital No, Diagnosis, 
New method. Direct (N X 6.25). 
mg. per 100 cc. mg. per 100 ce. 
12730 Typhus fever. 14.4 14.0 
12877 36.4 
12752 41.1 41.0 
12805 41.9 41.5 
12976 43.2 
12934 43.2 43.0 
12740 o1.8 51.5 
13251 56.4 
12713 64.5 64.2 
12436 64.6 64.4 
12870 65.1 65.5 
13235 66.8 
12749 74.5 74.0 
12661 76.4 76.0 
12629 80.0 80.1 
13253 86.8 86.5 
SUMMARY. 


A simple and accurate method for the determination of protein 
in spinal fluid is described. 
Of sixteen cases of typhus fever all but two showed a definite 


increase in spinal fluid protein. 
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A DIFFERENTIATION BETWEEN THE WATER-SOLUBLE 
GROWTH-PROMOTING AND ANTINEURITIC 
SUBSTANCES.* 


By SIGFRED M. HAUGE anno CAREY W. CARRICK. 


(From the Departments of Research Chemistry and Poultry Husbandry, 
Agricultural Experiment Station, Purdwe University, Lafayette.) 


(Received for publication, May 14, 1926.) 


The problem of determining the identity or non-identity of 
the antineuritic and water-soluble growth-promoting vitamins 
has engaged the attention of numerous investigators. Since 
these substances usually occur together and, with the exception 
of their biological action, possess similar properties, many in- 
vestigators have concluded that they are identical. A few have 
suggested the possibility that they are not identical. A close 
survey of literature, however, shows that no conclusive evidence 
has been presented on this subject. 


Almost a decade ago, McCollum and Kennedy (1) held that the water- 
soluble growth-promoting substance was the same as the antineuritic 
substance. 

Mitchell (2), and later Sherman and Smith, (3), made a thorough review 
of the literature on this subject. Mitchell, in referring to the belief that 
the growth-promoting and antineuritic substances are the same, says, 
‘This belief ranges from positive conviction, through tacit acceptance, toa 
frank weighing of probabilities.”’ Sherman and Smith conclude: “the 
evidence thus far available does not prove either that the water-soluble 
growth-promoting and antineuritic vitamins are the same or that they are 
different.”’ 

Emmett and Luros (4) state: “These findings suggest tentatively, at 
least, that the antineuritic (pigeons) and the water-soluble B (rats) vit- 
amines are not the same, and that it would be better to consider them as 
being different until there is further proof to the contrary.’’ 

Levene and Muhlfeld (5), also using rats and pigeons, state: ‘Thus, 

* Published with the approval of the Director of the Agricultura! Ix- 
periment Station, Purdue University. 
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the material presented in this report contains additional evidence in support 
of the view that the antineuritic and the growth-promoting principles are 
not identical.’’ 

Recently, McCollum, Simmonds, and Becker (6) comment on their 
experiments in which vitamin B seemed to give inconsistent results, as 
follows: ‘‘We find greater difficulty in interpreting these results than any 
other we have met within our experience. A possible explanation of the 
phenomena described is that vitamin B is not one substance but contains 
two or more principles. Although this view has been expressed by others 
no one has brought forth the slightest evidence to support it.’’ 


This problem came to our attention in January, 1925, when it 
was observed that a dried brewers’ yeast purchased from the 
American Burtonizing Company gave excellent growth in rats 
when fed at very low levels and yet failed to prevent polyneuritis 
in cockerels (7). These birds were fed purified rations with levels 
of yeast ranging from 0.5 to 15 per cent. All birds developed 
polyneuritis at approximately the same time and within a short 
period, regardless of the amounts of yeast fed. These observa- 
tions led to the conclusion that we had a product which was 
very rich in the growth-promoting factor but very poor in the 
antineuritic factor. 

This same purified ration, plus additional yeast, was later fed 
to chicks. These grew very rapidly until they developed poly- 
neuritis, most of which cases occurred in about 12 days. The 
chicks responded excellently to the growth-promoting factor 
but were very sensitive to the antineuritic deficiency. 

In other experiments we had been able to prevent polyneuritis 
in chickens when 30 per cent of corn was the sole source of the 
antineuritic substance in the diet, but we obtained very slow 
growth from chicks on such diets. 

The preceding observations suggested very strongly that the 
corn was rather rich in the antineuritic substance but relatively 
poor in growth-promoting substance, while the yeast appeared 
to be very rich in the growth-promoting substance but relatively 
poor in the antineuritic substance. Experiments were there- 
fore planned to determine the antineuritic and growth-promoting 
values of corn and yeast when fed at certain levels, separately 
and combined. It was believed these experiments would also 
throw some light upon the identity of the antineurtitic and growth- 
promoting substances. 
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EXPERIMENTAL. 


Baby chicks were selected as the experimental animals because 
we knew from previous experience that they were very suscepti- 
ble to polyneuritis. White Leghorn chicks were used in Lots 1 
to 11. In Lots 12 to 15 we used cross-bred chicks from a mating 
of Rhode Island Red males with Barred Rock females. The 
sex-linked inheritance of certain color markings on chicks from 
this cross enable one readily to identify the sex when the chicks 
are hatched, thereby permitting equal numbers of each sex to be 
distributed in each lot. 

All chicks were reared in indoor brooding devices described 
elsewhere (8). Chicks that were kept longer than 8 weeks were 
transferred to indoor pens in a hot water pipe brooder house. 
Thus at all times environmental conditions were favorable and 
well controlled. 

The ingredients of each ration were thoroughly mixed every 
few days and the mixture fed ad libitum in small wooden troughs 
which permitted practically no waste. Table I gives the various 
rations fed. Shavings were used for litter and frequently renewed. 
Water was provided at all times by means of small fountains. 


Results. 


The number of cases of polyneuritis observed and the average 
weights of chicks at 6 weeks are shown in Table II. In lots where 
polyneuritis occurred it will be noted that the disease did not 
develop in all individuals. It should be stated that certain 
chicks died young from other causes, while some may have died 
without the symptoms being observed. Post mortem examina- 
tions were not made in all cases. Also, some of the lots were dis- 
continued before all chicks had died, for certain chicks appeared 
to be able to survive for very long periods on partially deficient 
diets, possibly because of greater intake of the ration or a lower 
requirement for the vitamin. 

The average weight at 6 weeks was taken arbitrarily because 
the trend of growth up to this time was maintained by all lots 
except Lots 4 and 12, which received 10 and 15 per cent of yeast 
respectively but no corn. 

Lot 1 (30 per cent corn) showed no symptoms of polyneuritis 
during the 18 weeks they were kept on test. Lot 2 (30 per cent 
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yeast) grew rapidly and none of the chicks died until the 10th 
week, at which time polyneuritis appeared. All chickens in this 


Fic. 1. 10 weeks old chicken (Lot 1) fed on diet containing 30 per cent of 
ground corn. Weight 200 gm. Grew very slowly but did not develop poly- 
neuritis. 


lic. 2. 10 weeks old chicken (Lot 2) fed on diet containing 30 per 
cent of a mixture of yeast and corn. Weight 485 gm. 


lot died with polyneuritis within 2 weeks after the first chicken 
exhibited paralytic symptoms except three individuals, nearly 
dead, which were placed on a corn diet and soon recovered. Lot 
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3 (20 per cent corn plus 10 per cent yeast) made rapid growth. 
During the 13th week one chicken in this lot manifested paralytic 
symptoms and died. At the end of the 18th week four others 
died without showing characteristic symptoms of paralysis, but 
post mortem examination showed lesions of polyneuritis. Rep- 


hia. 3. 10weeks old chicken (Lot 3) fed on diet containing 30 per cent of 
acertain yeast. Weight 335 gm. Maximum weight of 465 gm. was reached 
a week previous. 


4. 12 weeks chicken (Lot 3) showing symptoms of polyneuritis, 
a result of same ration as fed to chicken in ig. 3. 


resentative chickens from Lots 1, 2, and 3 are shown in I igs. 1 
to 4. 

The yeast undoubtedly contained a small amount of the anti- 
neuritic substance since, when it was fed at levels of 20 and 30 
per cent, there was a delay in the onset of polyneuritis. Also, 
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it appeared that corn contained some of the growth-promoting 
substance since chicks fed on rations with whole corn were able 
to grow slowly. 

Lots 4 to 9 inclusive show the effect of feeding lower levels of 
corn or yeast. Some polyneuritis developed in all these lots, 
indicating that more than 20 per cent of corn was necessary to 
protect against polyneuritis. However, it appeared that 10 
per cent of yeast gave rapid growth up to a short time preceding 


TABLE II, 
Summary of Results of All Lots. 


Vitamin supplement. No. of cases | Average weight 
Lot No. No. of chicks. of of chicks at 
Yeast. Cera. polyneuritis. 6 wks. 
per cent per cent gm, 
1 25 30 0 9S 
2 25 30 16 256 
3 25 10 20 ss) 233 
4 25 10 5 20 All dead.* 
17 10 10 9 
6 17 10 15 7 265 
7 17 3 15 S 198 
8 17 20 3 Sl 
9 17 20 8 224 
10 17 69 0 129 
11 17 66 0 227 
12 17 15 12 All dead.* 
13 17 15t 0) 103 
14 17 S 77 0 251 
15 21 69 0 95 


* Excellent growth until death. 
+ Corn and corn germ mixture, consisting of 7 parts of corn germ and 8 
parts of corn. 


death from polyneuritis. The weights recorded for Lot 5 in 
Table II do not indicate rapid growth, but at 6 weeks half the 
chicks in this lot were dead with polyneuritis, and the average 
weight of the remainder was lowered by a preponderance of 
females and by three chicks which had never grown well. 

Lot 10 indicated that a high level of corn contributed slight 
additional growth-promoting substance, but only when yeast 
was added as in Lot 11 was rapid growth obtained. 
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The rations used in Lots 12, 13 and 14 had been found by pre- 
vious experiments to be suitable for testing the hypothesis that 
the antineuritic and growth-promoting substances were not 
identical. It was preferable to use a level of yeast, as low as 
possible, to get quick results and yet high enough to promote 
rapid growth and prevent polyneuritis when corn was used as a 
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Cuart I. Showing growth of chickens on diets as indicated. Numbers 
correspond to lot numbers. 


partial substitute for yeast. In order to limit the variation in 
percentage of the ingredients of the ration to the vitamin carriers 
alone, combinations of yeast, corn, and corn germ was used. 
Lot 12 received 15 per cent of yeast. Lot 13 received 15 per 
cent of corn and corn germ mixture (8 parts of corn and 7 parts of 
corn germ) which contains a corn germ equivalent of 71 per cent of 
whole corn in the ration. Lot 14 received a ration with 8 per cent 
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of yeast and 7 per cent of corn and corn germ mixture, making 
a corn germ equivalent of 33 per cent of whole corn in the ration. 

If it is true that the antineuritic substance and the growth- 
promoting substance are identical, then it would be expected that 
Lot 13 would grow at least as well as Lot 14 since the ration for 
Lot 13 carried twice the antineuritic substance as that contained 
in the ration of Lot 14. Table II, however, shows that the 
chicks in Lot 13 (with twice the antineuritic content of Lot 14) 
averaged less than half the weight of chicks in Lot 14 at the 
age of 6 weeks. There were no cases of pulyneuritis in either 
Lot 13 or Lot 14 during the 8 weeks which these chicks were kept. 

Furthermore, if the antineuritic substance were necessary to 
permit rapid growth, one would expect the chicks in Lot 12, re- 
ceiving 15 per cent yeast, to grow slowly. The chicks in Lot 12, 
however, grew as rapidly (until they developed polyneuritis, 
3rd to 5th week) as did the chicks in Lot 14 (which did not de- 
velop polyneuritis). The seven chicks of Lot 12, which survived 
until the end of the 3rd week averaged 85.7 gm. compared with 
the average of 61.3 gm. for the chicks in Lot 13 which received 
more than twice the quantity of antineuritic substance actually 
needed to prevent polyneuritis. 

Chart I shows graphically the results obtained in certain lots. 


DISCUSSION. 


It would appear from the foregoing that the antineuritic and 
the growth-promoting substances are not identical, although they 
may occur together. 

So far as known, no one has yet been able to get rapid growth 
in chicks where corn was used as the sole source of the water- 
soluble vitamins. 

Emmett and Luros (4), and Levene and Muhlfeld (5) used 
pigeons and rats for measuring respectively the antineuritic and 
growth-promoting substances. Unfortunately they used diets 
for the pigeons which were deficient in substances other than 
water-soluble vitamins. Also different species and different 
stages of life were involved. Unpublished results obtained by 
one of us have shown that rats can make normal growth without 
suffering from polyneuritis when fed on diets containing one-third 
the amount of substances necessary to prevent polyneuritis in 
chickens. Chickens, and other avians, have a much greater 
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requirement for the antineuritic substance than does the rat. 
Therefore the results of kmmett and Luros, and of Levene and 
Muhlfeld are not conclusive because they might be interpreted 
as indicating that rats require smaller amounts of the antineuritic 
vitamin than pigeons. In all of our experiments such a possible 
criticism has been guarded against by using the same species 
during the same stage of life; namely, the early growing period. 

While chicks are usually not as uniform in their biological re- 
sponses as rats, yet they are much more sensitive to diets defi- 
cient in the antineuritic substance as well as growth-promoting 
factors. It was felt, therefore, that chicks, particularly when 
large numbers were used, were much more suitable than rats-for 
this particular kind of experiment. 

The variables in these rations were corn and yeast. The 
particular yeast used was dried brewers’ yeast which the manu- 
facturers state was dried about 6 years before. It’ has been 
first autolyzed, then evaporated to a syrupy consistency, and dried 
on rollers. It is said to have reached an approximate tempera. 
ture of 100°C. during the drying process. 

After the experiments were well under way, it was discovered 
that the meat residue in the ration was not an entirely satisfac- 
tory source of protein for promoting rapid growth. This sug- 
gested that possibly the increased rate of growth from the rations 
supplemented by yeast could be due to the protein from the 
yeast. 

In subsequent lots not reported, water extract of yeast was 
added to the ration used in Lot 15, and rapid growth was secured. 
The extract was prepared by adding 20 gm. of yeast to 100 ce. 
of distilled water, shaking four or five times during an hour, and 
filtering. This filtrate was evaporated on 69 gm. of the corn 
used in the ration. The analysis of this yeast was as follows: 
4.76 per cent nitrogen insoluble in water; 3.71 per cent soluble in 
water; 0.27 per cent soluble in water and precipitated by phos- 
photungstic acid; 3.44 per cent soluble in water but not precipi- 
tated by phosphotungstic acid, giving 8.47 per cent total nitrogen. 
For each kilo of the ration, approximately 4 gm. of yeast protein 
(N X 6.25) were supplied by the water extract. It was scarcely 
believable, though not impossible, that such a small amount of 
yeast protein could be responsible for our results. 

Therefore, the rations fed to Lots 12, 13, and 14 were changed 
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for other lots so that each contained 25 per cent of casein replac- 
ing the meat residue and 5 parts of degerminated vellow corn. 
The casein was extracted with alcohol for about 72 hours ina 
Lloyds extracting apparatus. The results secured from these 
trials were essentially the same as when the meat residue had 
been used. It thus appears that the protein from the yeast is 
not a factor in the experiments reported in Table II. 

Hogan, Guerrant, and Kempster (9) have reported rapid growth 
with chicks when feeding a diet in which the sole source of pro- 
tein was obtained from casein at the level of 20 per cent in the 
ration. On this basis, these rations containing 25 per cent casein 
would supply adequate protein, so evidently the protein from the 
yeast had not been a factor in our experiments. 


SUMMARY. 


1. The results here reported show that the yeast used was poor 
in the antineuritic substance but rich in the water-soluble growth- 
promoting substance, while corn was relatively rich in the anti- 
neuritic substance but poor in the growth-promoting substance. 

2. These results present very definite evidence that the anti- 
neuritic substance when supplied in abundance will not promote 
rapid growth and that a diet may be capable of promoting rapid 
growth without preventing polyneuritis. 

3. It is concluded that the antineuritic vitamin and the water- 
soluble growth-promoting vitamin are not identical, although 
they may occur in the same food. 


We wish to acknowledge our indebtedness to the members of 
the Veterinary Department of this institution for their assistance 
in making post mortem examinations. 
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SOME SPECTROSCOPIC OBSERVATIONS ON 
COD LIVER OIL. 


II. THE ABSORPTION BANDS OF CHOLESTEROL.* 
By FREDERIC W. SCHLUTZ ann MILDRED R. ZIEGLER. 


(From the Department of Pediatrics, University of Minnesota, 
Minneapolis.) 


(Received for publication, June 14, 1926.) 


In 1919 Huldschinsky (1), confirming the work of others, proved 
that infantile rickets could be cured by ultra-violet radiation from 
the quartz light. Since that time considerable research has been 
carried on to determine how the ultra-violet rays produce their 
effect and which rays are the most beneficial. Pappenheimer and 
Weinstock (2), using standard glass filters showed that rays as 
long as 334yuy have little or no protective action; the effective rays 
begin in the neighborhood of 313uu. Hess and Weinstock (3) 
found that the curative antirachitic ray lay somewhere in the 
neighborhood of from 300 to 313uy. Shipley (4) believed that the 
shorter ultra-violet rays, about 210uu wave-length, produce the 
most beneficial effects in curing rickets. 

In a former communication (5) it was shown that the absorption 
spectrum of cod liver oil has two shallow absorption bands of about 
328 and 279uy wave-length. A study of the absorption spectrum 
of cholesterol showed that those wave-lengths between 294 and 
296upn, and between 279 and 294yy are selectively absorbed by the 
non-irradiated cholesterol and beyond 294uy a great deal of general 
absorption takes place. It was stated: ‘It is reasonable to expect 
that the wave-lengths which are selectively absorbed and which 
disappear on irradiation are those wave-lengths which are effective 
in activating the cholesterol. It is a fundamental law of photo- 
chemistry that only absorbed light is photochemically active.” 


*Read before the American Pediatric Society, May, 1926, Niagara 
Falls, N. Y. 
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Accordingly, the authors have made a study of the two charac- 
teristic bands in the absorption spectrum of cholesterol to learn 
what factor causes their appearance and disappearance. Cod 
liver oil cholesterol and Pfanstiehl’s cholesterol were recrystallized 
twelve times from absolute alcohol and fractioned into five frac- 
tions. It was found that the purest fractions of cod liver oil and 
Pfanstiehl’s cholesterol gave the same color reactions, had the 
correct melting point for hydrated cholesterol, and gave spectro- 
graphic pictures showing the two absorption bands mentioned 
above. It was concluded that the cholesterols obtained from the 
two sources were identical and that the cod liver oil cholesterol 
was not acting as a carrier for any substance present in the oil. 
Pfanstiehl’s cholesterol was used for this study. 

The spectrograms were made by a Hilger quartz spectrograph 
using a tungsten spark under water as the source of light. A 
tungsten spark was chosen because it gives a continuous spectrum 
of finely packed lines in which absorption bands appear plainer 
than in a broader lined spectrum. All melting point determina- 
tions have been made with a Roth melting point apparatus in 
which the entire column of mercury is enclosed in sulfuric acid 
vapor. 

There are two forms of cholesterol recorded in literature, one 
containing a molecule of water, melting at 148.5°C., and the 
anhydrous form, melting at 147.0°. By examining a large number 
of spectrograms it was found that all samples of cholesterol which 
showed bands melted at 148.5° or very near that point, while 
those which melted below this point either showed no bands or a 
great weakening of them. Pfanstiehl’s cholesterol which had been 
recrystallized seven times from absolute alcohol was dried in an 
oven set at 100° to constant weight and subjected to fractional 
crystallization from absolute alcohol, which had been distilled 
first from tartaric acid and then from potassium hydroxide. 
live first crop fractions were obtained melting as follows: Fraction 
1, 148.5°; Fraction 2, 147.5°; Fraction 3, 147.5°; Fraction 4, 147°, 
and Fraction 5, 145°. Four or five melting points were observed 
in each case. Second crops of crystals were obtained from Frac- 
tions 1, 2, and 5. Spectrograms of each group of erystals were 
taken of 4 per cent ether solutions. Anhydrous ether and ether 
dried over calcium chloride and distilled from potassium hydroxide 
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served as the solvent. The picture of Fraction 1, melting at 
148.5°, showed the two characteristic absorption bands. All 
the other pictures did not have bands. Spectrograms of the 
mother liquors showed no bands, just great general absorption. 
It was thought that the general absorption might be such that it 
prevented the appearance of the bands, hence pictures were taken 
using decreasing thicknesses of the mother liquor. Bands did 
not appear. If the pictures were not taken as soon as the cho- 
lesterol was dissolved in the ether, general absorption had set in, 
the spectrum was much shortened, and no bands were present. 
This shortening of the spectrum occurred within half an hour and 
was complete in 2 to 4 hours. After that time the spectrogram 
remained the same over a period of 12 days. On evaporation of 
the ether by standing in air, the melting point of the cholesterol 
had changed from 148.5 to 147°C. A solution of this 147° residue 
in fresh ether gave the typical short spectrum picture with no 
bands and considerable general absorption. If the ether was 
again evaporated off, the melting point of the cholesterol was 
still 147°. The cholesterol was treated with 100 ec. portions of 
water twice and slowly evaporated to dryness on a water bath. 
The melting point had changed from 147 to 148.5°. This cho- 
lesterol dissolved in ether showed bands. Apparently these ab- 
sorption bands are characteristic of the hydrated cholesterol while 
the anhydrous form shows no bands but general absorption. 
experiments were now made to learn whether the bands actu- 
ally disappear when the cholesterol remains in the ether or whether 
they are covered by the general absorption. Dilute solutions of 
cholesterol, melting at 148.5°C., namely 0.1 per cent and 0.05 
per cent in ether, showed no bands. Bands, if present, could 
not be brought out by varying the time of exposure from 2 to 
128 or 256 seconds or by keeping the time constant (1 minute) 
and varying the thickness from 0.2 to 9.0 mm. Spectrograms of 
solutions of 10 per cent cholesterol in ether were made, varying 
the time and thickness. One band appeared at 32 seconds using 
a thickness of 3.7 mm. and continued until the observation was 
ended with an exposure of 128 seconds. With constant time and 
varying thickness, the first band was noted at 1.2 mm. thickness. 
Repeating this picture under the same conditions on the same solu- 
tion 24 hours later showed that the bands had disappeared and 
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that general absorption had set in. Bands did not show in a 
series of pictures which were made by diluting the 10 per cent 
ether solution with one-fifth of its volume of ether after each 
exposure. If the pictures were taken using a fresh 10 per cent 
ether solution of some of the same cholesterol (148.5°C.) employing 
the identical thicknesses and concentrations, duplicate results 
were obtained. When spectrograms were recorded using a thick- 
ness of 1.7 mm. two bands were visible for periods of 42 and 51 
minutes respectively. Since on standing the bands had again 
disappeared, it is probable that they had changed either from. 
being in the ether or from the effects of radiation with the spark. 
Previous investigation by Schlutz and Morse (5) showed that the 
spark did not produce any change. 

Some of the hydrated cholesterol was heated in an oven set at. 
110°C. until the anhydrous form melting at 147°C. was obtained. 
Spectrograms taken in the same manner as those just described 
for the hydrated form were characterized by lack of bands and a 
shortening of the spectrum. Other preparations of anhydrous 
cholesterol were prepared by crystallization from ether or chloro- 
form, by precipitation from glacial acetic acid and by sublimation 
in vacuo below 110°C. None of these solutions showed bands in 
their spectrograms. 

The dehydrated cholesterol was irradiated in ether solution for 
6 hours with a mercury vapor lamp at a distance of 1 foot. Spec- 
trograms made at intervals during the 6 hours showed only a slight 
increase in absorption. Hydrated cholesterol photographed after 
similar treatment showed increased absorption. 

Spectrograms were also taken in other solvents than ether. 
Pictures taken in anyhydrous alcohol of the hydrated cholesterol 
showed no bands, repetition of this spectrum recorded the following 
day showed that general absorption had increased. Bands could 
not be brought out by varying the thickness or time. Pictures 
taken in chloroform of the hydrated and anhydrous forms showed 
the characteristic changes. Pentane was purified and employed as 
a solvent, but it did not dissolve enough cholesterol to serve as a 
satisfactory solvent. 

Spectrograms of hydrated cholesterol are characterized by two 
characteristic absorption bands of about 294 and 279uu wave- 
length. Preparations of the anhydrous cholesterol never showed 
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bands in their absorption spectrum, but much greater general 
absorption than the hydrated form. 
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The extensive investigations of the influence of disodium 
phosphate on alcoholic fermentation and on aerobic and anaerobic 
respiration have demonstrated that phosphates play an important 
role in carbohydrate metabolism. In most of these investiga- 
tions the interest has centered about the function of the hexose 
phosphoric esters. It has also been found that disodium phos- 
phate accelerates the rate of oxidation of some hexoses by means 
of hydrogen peroxide or with air in the presence of certain catal- 
ysts. Thus Witzemann (1) has shown that glucose is oxidized 
quantitatively to carbon dioxide with hydrogen peroxide in the 
presence of disodium phosphate; in the absence of the latter no 
oxidation occurs or only very slowly. Warburg and Yabusoe (2) 
found that fructose in the presence of disodium phosphate is 
oxidized by atmospheric oxygen, while glucose is not thus affected. 
Spoehr (3-5) has also shown that in the presence of a catalyst, 
sodium ferropyrophosphate, and of disodium phosphate or 
neutral mixtures of this salt and potassium dihydrogen phosphate, 
hexoses, sucrose, trehalose, polyhydric alcohols, and some hydroxy 
acids are oxidized by air. Many other examples can be cited 
of the profound influence which phosphates, more especially 
disodium phosphate, exert upon the hexose monosaccharides as 
made evident by reactions in living cells as well as in vitro. As 
yet the role played by the phosphates in these reactions has not 
been definitely established. 

It is not our object here to enter upon a discussion of the theories 
which have been advanced to describe the rdle of phosphates in 
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these reactions. A widely accepted view is that the phosphates 
make the carbohydrates more accessible to oxidation through the 
formation of intermediate compounds and subsequent disintegra- 
tion of these. In this connection it is worthy of note that fruc- 
tose is generally more reactive than glucose or mannose: it is 
more easily oxidized (6), esterified, and split (7). 

In order to gain more information of the manner in which phos- 
phates may bring about the reactions mentioned, a series of 
experiments has been carried out to determine the effect of phos- 
phates on d-glucose and d-fructose. In these experiments data 
on the following points were sought. (1) Whether the hexose 
sugars in solutions containing disodium phosphate or neutral 
mixtures of phosphates undergo the Lobry de Bruyn transfor- 
mation. Lobry de Bruyn and Van Ekenstein (8-10) and Nef (11) 
have stated that when either d-glucose, d-mannose, or d-fructose 
are treated with solutions of caustic alkalies, lead hydroxide, 
calcium hydroxide, or sodium carbonate, a mixture of all of these 
sugars besides pseudofructose and a- and #-d-glutose is formed. 
We desired to determine, for example, whether d-glucose was 
partially converted into d-fructose in a solution containing di- 
sodium phosphate. (2) Is the Lobry de Bruyn conversion a 
true equilibrium, or does the hexose molecule undergo splitting 
in the presence of phosphate? (3) Whether there are any sac- 
charinic acids formed from the hexoses by the action of phos- 
phates, as occurs through the action of the stronger alkalies. 
(4) Whether any di- or polysaccharides are formed under 
these circumstances, as has been claimed by Nef to occur through 
the action of sodium carbonate on hexoses. (5) It seemed de- 
sirable to determine again whether any evidence could be gained 
of the formation of a hexose phosphoric acid compound under 
these conditions, 7.e. without the influence of a living organism. 


EXPERIMENTAL. 


General Procedure. 


The solutions of the various sugars and those of the phosphates 
were sterilized separately in an autoclave at 15 pounds pressure 
for 20 minutes. After cooling, the sugar solution was poured into 
the flask containing the solution of phosphate. The flask was 
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tightly stoppered with a rubber stopper and placed in the ther- 
mostat. Experiments were run with different concentrations of 
sugar and at 38° and 70—-75°. After 1 hour the first sample was 
removed for analysis. This was done by carefully removing 15 
cc. with a sterilized pipette and diluting to 100 ec.; the latter 
solution was again diluted for the sugar analysis; the concentra- 
tion of this second solution was such that it contained not more 
than 4 mg. per ee. As the exact volume of the original solution 
was not known, the analyses are reported in terms of gm. per ce. 
of this solution. Also the sample to be analyzed was measured 
at the temperature of the thermostat, usually 38°. This natur- 
ally would cause an error in the analyses, if absolute amounts were 
desired. In view of the fact that all the results are comparative 
and that the manipulation was exactly the same in each ease, it 
is simpler to give the results as found rather than correct for the 
volume of the solution at 38°. The experiments were run for 50 
to 150 days and analyses were made at different intervals, from 
5 to 14 days, depending upon the rate of the reaction. In every 
case the solutions became red-brown in color. This caused some 
difficulty in determining the alkalinity and optical rotation in the 
last analyses of a series and for this reason these results have not 
quite the same accuracy as the others of the series. 


Analytical Methods. 


The sugar-phosphate mixtures were analyzed for (1) total re- 
ducing power, (2) total reducing power after hydrolysis, (3) 
aldoses, (4) alkalinity of the solution, (5) optical rotation of the 
solution before and after hydrolysis, and (6) phosphates. 

The total reducing power was determined with a Benedict’s 
reagent (17.3 gm. CuSO,;-5H2O, 100 gm. NaeCO3, and 173 gm. 
sodium citrate in 1000 cc. of solution). The method previously 
described by Spoehr (12) was used. Benedict’s solution was 
standardized with pure d-glucose (U. S. Bureau of Standards) 
and results of the analyses are reported in terms of gm. of glucose 
per cc. of solution. The latter fact must be taken into considera- 
tion in the experiments with d-fructose. It is highly probable that 
in all these experiments, d-glucose, d-fructose, d-mannose, pseudo- 
fructose, and a- and 8-d-glutose are formed, just as in the Lobry 
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de Bruyn transformations. [ach of these sugars has a slightly 
different reducing power, but as it was not possible to determine 
quantitatively the ratios of these sugars, the corrections for the 
reducing power of each could not be applied. It seemed simplest, 
therefore, to report the analyses in terms of d-glucose, especially 
as the differences found are far greater than could be accounted 
for by the differences in reducing power of the various sugars 
concerned. 

The hydrolysis of the sugar mixture was carried out by heating 
the dilute solution, containing 1 per cent hydrocholoric acid, to 
70° for 3 hours, and neutralizing with sodium bicarbonate. Tor 
this analysis Benedict’s solution was standardized by treating 
the pure glucose solution in the same manner with acid, ete. It 
was found that after hydrolysis the reducing power of the mix- 
tures was slightly less than before, indicating the absence of 
polysaccharides and possible slight decomposition of one of the 
hexoses (fructose or glutose) due to the action of the acid. 

The aldoses were determined by means of oxidation with iodine 
with the method described by Cajori (13). Iodine oxidizes al- 
doses to the corresponding monobasic hexoniec acid, but does not 
effect ketoses. The results are also given in terms of gm. of glu- 
cose per 1 ce. of solution. 

The alkalinity of the solutions was determined by titration with 
0.1 normal hydrochloric acid, methyl orange as indicator. The 
alkalinity is reported as gm. of hydrochloric acid required to 
neutralize 1 ec. of solution. 

The optical rotation was determined in a 2 dm. tube at 16°. 
As these results can have only a comparative value, the observed 
readings are reported. 

The phosphates were determined by precipitation as magnesium 
ammonium phosphate in the usual manner. The phosphate of 
the hexose phosphoric esters is not precipitated in this way and, 
it was found, the presence of hexose sugars does not interfere with 
the precipitation. The analyses are reported as gm. of NazHPOs, 
per 1 ce. of solution. 


Experimental Results. 


Experiment A. 23 Per Cent d-Glucose in 2 Molal Disodium 
Phosphate; 75 Gm. of d-Glucose and 62.5 Gm. of Na.lI PO, in 250 
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Ce. of Water.—The solution was kept at 38° for 147 days. The 
analytical results are given in Table I. 

From the results given in Table I it is apparent that the di- 
sodium phosphate has a profound effect upon the glucose. The 
total reducing power of the mixture has decreased by about 6.5 
Most striking perhaps is the decrease in the concen- 
tration of the aldose sugars as made evident by the amount of 
iodine used for oxidation. 


per cent. 


There has been a decrease in aldoses 


TABLE I. 
Total 
Total 
reducing Phosphate. Optical Alkalini 
Days. power, og ). NaeH PO, rotation. HCi- 
per cc. 
gm. gm. gm. gm. gm. 

0 0.2400 0.2408 0.2082 +0.31° 0.0536 
21 0.2102 0.2080 +0 .33° 0.0533 
44 Q .2356 Q 0.1920 0.2077 +0 .30° 0.0528 
69 0.2332 0.2272 0.1823 0.2067 +0 .19° 0.0526 

147 Q .2245 Q .2250 0.1625 0.2050 +0.09° 0.0522 
TABLE II. 
Total 
Total 
reducing Phosphate. Optical Alkalinit 
ysis. ‘1 per ce. 
. per ce. 
gm. gm, gm. gm. gm. 

0 0.2768 0.2702 0 .O0OS4 0.2079 —0.54° 0.0534 
22 0.2347 0.2270 0.057 0.2067 0.0529 
42 Q 0.2191 0.0796 0.2067 —0.20° 0.0526 
74 0.2060 0.2089 0.0902 0.2078 —(.02° 0) .0525 

140 0.1942 0.1992 0.1042 0.2037 +0 .02° 0.0516 


of 32.5 per cent. The amount of free phosphate has remained 
virtually unchanged. Separate experiments to determine whether 
the small decrease in the amount of free phosphate, about 1.5 
per cent, could be ascribed to hexose phosphoric ester formation, 
did not give positive results. The optical rotation also showed a 
decided decrease, finally becoming only slightly dextrorotatory. 
The alkalinity of the solution also changed very slightly, indica- 
ting (1) that only very slight saccharinic acid formation occurred, 
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or (2) that only exceedingly little oxidation took place, which 
would result in the formation of acid products. 

Experiment B. 23 Per Cent d-Fructose in 2 Molal Disodium 
Phosphate; 75 Gm. of d-Fructose in 62.5 Gm. of NaxHPO, in 250 
Ce. of Water.—The solution was kept at 38° for 140 days. The 
analytical results are given in Table II. 

The effect of disodium phosphate on d-fructose is more pro- 
nounced than on d-glucose. In the 140 days the total reducing 
power of the mixture originally containing d-fructose, is decreased 
by about 30 per cent. This is considerably greater than in the 
case of d-glucose. It is possible that the great decrease in re- 


TABLE III. 
Total Aldoses Phos- Alka- 
Days. | “power | atter | Godine) | | rotation. | 
per ce. Glucose per ce, per ce, D per cc. 

per cc. 
gm. gm. gm. gm. gm. 

}ixperi- 0 | 0.1320 | 0.1296 0.1296 | 0.2208 | +0.30°} 0.0572 
ment C. 22 | 0.1285 | 0.1260 0.1113 | 0.2203 | +0.22°)| 0.0566 
41 0.1245 | 0.1211 0.1031 | 0.2201 | +0.08°)} 0.0561 
84 | 0.1232 | 0.1240(?)} 0.0936 | 0.2208 | +0.06°| 0.0562 
148 | 0.1186 | 0.1207 | 0.0854 | 0.2179 | +0.09°| 0.0551 
Experi- 0 | 0.1507 | 0.1449 0.0050 | 0.2156 | —0.39°| 0.0528 
ment D. 25 | 0.1247 | 0.1205 0.0298 —0.27°| 0.0546 
43 | 0.1203 | 0.1149 0.0487 | 0.2143 | —0.10°| 0.0546 
83 | 0.1094 Q .0524 —0.02°| 0.0548 
146 | 0.1057 | 0.1062 0.0588 —0.05° | 0.0533 


ducing power of the d-fructose solution may be accounted for by 
the difference in the reducing power of the different sugars. If 
it is assumed that these hexoses undergo the Lobry de Bruyn 
transformation, for which there appears to be some Justification 
and if d-fructose is converted into d-glucose and d-mannose, the 
reducing power of the mixture will be lower, because the latter 
two sugars have a lower reducing power than d-fructose. Also, 
d-glutose has about half the reducing power of d-glucose. As is 
shown later, this sugar (or sugar mixture) 1s formed by the action 
of disodium phosphate. In the case of Experiment A, the total 
reducing power of the d-glucose mixture does not decrease as 
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much as in the d-fructose mixture, probably because in the former 
case some d-fructose (with a higher reducing power) is formed 
and this would tend to mitigate the effect of the low reducing 
power of the d-glutose. 

In the experiment with d-fructose the aldoses showed a decided 
increase, presumably a conversion of d-fructose into d-glucose 
and d-mannose. The optical rotation changed from strongly 
negative to close to zero. The amount of free phosphate and 
the alkalinity exhibited but slight changes. In both Experi- 
ments A and B, hydrolysis produced no increase in the reducing 
power of the mixture, indicating the absence of polysaccharides. 

Experiments C and D. 15 Per Cent d-Glucose and d-Fructose.— 
Very similar results were obtained with lower concentrations of 


TABLE IV. 
T t l d . Total reducing Al 1 ‘ oO tical 
Glucose per ce. Glucose per “: Glucose per cc. aly 
gm. gm. gm, 

Experiment E. 0 0.257 0.2593 0.2603 +0 .33° 
17 0.2605 0.2595 0.2546 +0 .28° 
74 0.2639 0.2646 0.2367 +0 .24° 
Experiment F. 0 0.2262 0.2280 0.0043 —0.43° 
16 0.2196 0.2222 0.0193 —0.32° 
69 0.2131 0.2146 0.0495 —0.19° 


d-glucose and d-fructose; in these cases the only difference was 
that the fate of change was less. The results are summarized in 
Table III. Experiment C = 15 per cent glucose in 2 molal 
NazHPO, and Experiment D = 15 per cent d-fructose in 2 molal 
NaesHPO,;. Both experiments were run at 38°. 

Experiment EF. 23 Per Cent d-Glucose in Neutral Phosphate 
Mixture, 30 Gm. of d-Glucose, 25 Gm. of Neutral Phosphate Miz- 
ture, and 100 Cc. of Water.—The phosphate mixture was made 
from 1 part of KH,PO, and 4 parts of NazHPO,. The hydrogen 
ion concentration of the phosphate mixture was not determined, 
but test with litmus showed that this was very nearly neutral. 
The experiment was run for 74 days at 38°. 

Experiment F. 23 Per Cent d-Fructose in Neutral Phosphate 
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Mixture, 30 Gm. of d-Fructose, 25 Gm. of Neutral Phosphate Miz- 
ture, and 100 Ce. of Water.—The phosphate mixture was the 
same as that employed in Experiment FE, and the experiment 
was run for 69 days at 38°. The results of Experiments E and 
F are summarized in Table IV. 

From Experiments E and F it is apparent that the action of 
neutral phosphate mixtures of d-glucose and d-fructose is similar 
to that of the alkaline disodium phosphate. It is worthy of note 
that the solution of d-glucose shows a slight increase in the total 
reducing power. ‘This is indicative of the formation of d-fruc- 
tose, as both the aldose content and the optical rotation decrease. 
The solution of d-fructose increases decidedly in aldose content, 
with a decrease in the negative optical rotation of the solution. 
This would indicate the formation of d-glucose and d-mannose. 


TABLE V. 
Total 
Total 
reducing power after Aldose (iodine). 
Days. reducing power. wen Leman Glucose per cc. 


Glucose per cc. Glucose per cc 


qm. gm. gm. 
0 0.2924 0.2938 0.2985 
4 0.2202 0.2143 0.1559 
20 0.1982 0.1921 0.1403 


Experiment G. 23 Per Cent d-Glucose in 2 Molal Disodium Phos- 
phate at 70-75° in an Atmosphere of Hydrogen.—Although in 
the experiments already described no indication of bacteria or 
moulds could be detected and the possibility of oxidation was 
largely excluded by keeping the flasks containing the sugar- 
phosphate mixtures tightly stoppered, it seemed desirable to 
establish these points in a more direct manner. An aqueous 
solution of 220 cc. containing 66. gm. of d-glucose and 55 gm. of 
NaexHPO, was kept at 70—-75° for 20 days, and a slow stream of 
hydrogen was passed through the flask continuously. The anal- 
yses are given in Table V. 

From the results of Experiment G it is apparent that the 
reaction proceeds very much faster at the higher temperature. 
The trend of the reaction is the same as in the experiments carried 
out at 38°: a decrease in the total reducing power of the mixture 
and a decided decrease in the aldoses present. The higher tem- 
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perature and the absence of oxygen preclude the possibility that 
the decrease in the total reducing power of the solution is due to 
the action of microorganisms or to oxidation. 


Glutose. 


Lobry de Bruyn and Van Ekenstein (8, 9) have shown that 
when either d-glucose, d-mannose, or d-fructose is treated with 
a solution of a weak alkali (e.g., lead hydroxide) a mixture of all 
these sugars results. They also endeavored to show (10) that 
in this mixture, besides the sugars mentioned, there was contained 
a 3-ketohexose, d-glutose. The latter sugar is characterized by 
the following facts: It is optically inactive, does not ferment with 
yeast, its reducing power for Fehling’s solution is about one-half 
that of d-glucose, and it forms a phenylosazone melting at 165°. 
So far as we know, the constitution of d-glutose has never been 
definitely established, though Nef (11) has assumed that the 
substance obtained by Lobry de Bruyn and Van Ekenstein is a 
mixture of and £-d-glutose: 


O OH 


OH OH H 
H 
CH,OH——|—— CH,OH 


OH OH OH 


We wished to determine whether any so called d-glutose had 
been formed in the various hexose-phosphate mixtures already 
mentioned. Accordingly, the solutions were evaporated to 
dryness at reduced pressure, the sugars extracted from the residue 
with alcohol, the latter distilled off at reduced pressure, and the 
residue dissolved in water. These aqueous solutions were fer- 
mented with yeast. After the first fermentation the solutions 
were filtered, evaporated almost to dryness, dissolved in water, 
and a second portion of yeast was added to this solution to insure 
complete fermentation. This solution was treated in the manner 
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just described and evaporated to dryness. From each of the 
experiments described above there was thus obtained a non- 
fermentable residue. By repeated extraction with 99 per cent 
alcohol the residue was obtained free from all but traces of inor- 
ganic material. The d-glucose solutions yielded about 10 per 
cent, the d-fructose solutions about 15 per cent of this non-fer- 
mentable residue. This had a reducing power for Fehling’s 
solution one-half that of glucose and had an exceedingly slight 
positive optical rotation. Phenylosazones were prepared from 
all of the material; the melting points of these, after recrystalli- 
zation, ranged from 163-166°. It seems highly probable, there- 
fore, that the non-fermentable material was the d-glutose of 
Lobry de Bruyn and Van Ekenstein. 


TABLE VI. 
Total Ald Optical 
Days. reducing power. Aldose (iodine), ptical rotation, 
Glucose per cc. Glucose per ce. a}y 
gm, gm. 
0 0 1362 0.0675 +0.04° 
37 0.1230 0.0695 +0.03° 


If the Lobry de Bruyn-Van Ekenstein reaction of the hexoses 
represents a state of true equilibrium, as was maintained by 
Nef (11), it would be expected that d-glutose could be converted 
into a mixture of d-glucose, d-fructose, and d-mannose. No in- 
dication of this could be obtained. d-Glutose was prepared 
according to the method of Lobry de Bruyn and Van Ekenstein 
from d-fructose and treated with disodium phosphate in the 
manner described in the experiments with d-glucose and d-fruc- 
tose. A 23 per cent solution of d-glutose in 2 molal disodium 
phosphate gave the results shown in Table VI. 

From the results given in Table VI it is evident that with 
d-glutose the total reducing power also decreases on standing 
with disodium phosphate. It was a matter of some surprise 
that solutions of d-glutose should take up as much Iodine as they 
did, for presumably ketoses are not oxidized with iodine. The 
slight increase in the amount of iodine used for oxidation after 
37 days is not very significant. These results give no indication 
of a conversion of d-glutose into d-glucose and d-fructose. 
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Preparation of d-Glutose. 


In this connection may be mentioned a convenient method of 
preparing the substance which is identical with that to which 
Lobry de Bruyn and Van Ekenstein have given the name d- 
glutose. In the method described by the authors just mentioned, 
considerable difficulty is encountered in freeing the solution com- 
pletely from lead, and the latter substance may interfere in the 
complete fermentation of the d-glucose and d-fructose. 

To 500 gm. of commercial cane sugar in 2000 ec. of water 2 cc. 
of an active invertin preparation are added and kept at 25° for 
48 hours. To this solution are then added 284 gm. of disodium 
phosphate, and it is heated to 70—75° for 24 hours. The solution 
is then concentrated to one-half its original volume by evaporat- 
ing the water at reduced pressure and 60°. To the concentrated 
solution three times its volume of alcohol is added, which precipi- 
tates most of the sodium phosphate; this is removed by filtration 
and extracted with 95 per cent alcohol. The alcoholic solution 
is evaporated to dryness in vacuum and dissolved in water to 
make a 10 per cent solution. This is fermented with yeast for 
3 days, filtered, concentrated to half its volume and an equal 
volume of water added, and fermented again for 3 days. ‘The 
solution is then heated for 15 minutes to 80°, filtered, and evapo- 
rated in vacuum at 60°. The residue is dissolved in the smallest 
possible amount of water, and alcohol is added to make the latter 
92 per cent. This gives a solution with which the remaining 
sugar can be extracted free from phosphate. The combined 
alcoholic solutions are evaporated in vacuum to dryness, the 
residue dissolved in water, treated with charcoal, and again 
evaporated in vacuum to dryness. The resulting pale yellow gum 
has all the properties of d-glutose, described by Lobry de Bruyn 
and Van Ekenstein and represents about 50 per cent of the origi- 
nal weight of the cane sugar. 


DISCUSSION. 


The experiments described indicate that in the presence of 
disodium phosphate the aldose sugars are converted into ketoses 
and vice versa. With neutral phosphate mixtures the same re- 
action occurs, though more slowly. Disodium phosphate con- 
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verts both d-glucose and d-fructose into a non-fermentable sub- 
stance having properties corresponding to those of Lobry de 
Bruyn and Van Ekenstein’s d-glutose (10). It appears, therefore, 
that disodium phosphate is capable of inducing the same trans- 
formations of hexose sugars which these authors as well as Nef 
(11) found occurred through the action of caustic alkalies, lead 
hydroxide, calcium hydroxide, and sodium carbonate. 

The fact that there were only very small changes in the amount 
of reserve alkali in the experiments with disodium phosphate 
shows that (1) there was no saccharinic acid formation, and (2) 
no oxidation products, which would be acids, were formed. Also, 
in an atmosphere of hydrogen and under conditions in which all 
possibility of the existence of microorganisms is excluded, as at 
75°, the same reaction occurs. 

The action of disodium phosphate on d-glucose and d-fructose 
results in a decided decrease in the total reducing power of the 
solution. That this is not due to the formation of non-reducing 
polysaccharides is demonstrated by the fact that the reducing 
power of the solution does not increase on hydrolysis. The 
decrease in the reducing power of the sugar-phosphate mixture 
can in part be ascribed to the formation of d-glutose, which has 
about half the reducing power of d-glucose. 

Lobry de Bruyn and Van Ekenstein as well as Nef have con- 
sidered that d-glutose is a 3-ketohexose. This still remains 
to be definitely established, a problem upon which we are still 
at work. The question may fairly be asked whether d-glutose 
is actually a 3-ketohexose of definite constitution or whether it 
is a mixture of the nature of formose, acrose, and the condensa- 
tion product of glyceric aldehyde and dihydroxyacetone. Too 
much importance cannot be attached to the fact that ‘t gives a 
phenylosazone of constant melting point, for this may be the 
osazone of a constant component of the mixture. 

The following facts may also be of significance in this connec- 
tion. Solutions of both d-glucose and d-fructose, in the presence of 
disodium phosphate, in time become colored through the formation 
of tar. Dakin and Dudley (14) have found indication of the split- 
ting of glucose under the influence of disodium phosphate into 
methyl] glyoxal. Probab!y the simplest conception of the formation 
of the latter compound is by the splitting of the aldohexose (7.e. its 
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3—4 endiol) into two molecules of glyceric aldehyde and subsequent 
rearrangement according to the views of Nef (15). The glyceric 
aldehyde, once formed, is capable of various reactions: formation 
of methyl glyoxal and dihydroxyacetone, as well as the condensa- 
tion of the latter with glyceric aldehyde. In the reactions of 
glucose and fructose with disodium phosphate special experi- 
ments were carried out to determine whether any lactic acid was 
formed, but this was found not to be the case. 

It has also been found that the tar formation, already alluded to, 
does not take place at all if there is present in the mixture an 
oxidizing or reducing agent. In the oxidation of these hexoses 
with air in the presence of an iron catalyst no tar whatsoever is 
formed (4). Similarly, when a_ glucose-disodium phosphate 
mixture is reduced with aluminium amalgam no tar is formed; 
under these conditions acetone was formed as a product of reduc- 
tion. ‘This is evidence of the splitting of the hexose into a mole- 
cule containing three carbon atoms, presumably glyceric aldehyde 
which is converted into dihydroxyacetone, or acetal; either of 
the latter two compounds yields acetone on reduction. It there- 
fore seems highly probable that the catalytic effect of disodium 
phosphate on the oxidation of hexoses is due to the dissociating 
influence of this salt, and that, to a considerable measure at least, 
the reaction of the oxidizing agent is with the splitting products 
rather than with the undissociated sugar. This is supported by 
the fact that the rate of oxidation is increased when the glucose 
has been previously treated with disodium phosphate, as was 
found to be the case by Witzemann (1) and Spoehr (3). In the 
absence of an oxidizing or reducing agent, the splitting products 
apparently polymerize, resulting in tar formation, or are condensed 
to an optically inactive mixture. Whether d-glutose is such a 
mixture, or actually a 3-ketohexose remains to be established. 

For the further elucidation of the reactions brought about by 
the action of disodium phosphate on hexose sugars it will be 
necessary to study more closely the properties of glyceric alde- 
hyde and of dihydroxyacetone; to determine the conditions of 
equilibrium between these two substances in solution, if such an 
equilibrium actually exists; to establish the nature of the con- 
densation products and the substances obtained through the 
action of oxidizing and reducing agents. Experiments on these 
problems are now in progress. 
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THE ISOLATION AND CRYSTALLIZATION OF THE 
ENZYME UREASE. 


PRELIMINARY PAPER. 


By JAMES B. SUMNER, 
(From the Department of Physiology and Biochemistry, Cornell University 
Medical College, Ithaca.) 


(Received for publication, June 2, 1926.) 


After work both by myself and in collaboration with Dr. V. A, 
Graham and Dr. C. V. Noback that extends over a period of a 
little less than 9 years, I discovered on the 29th of Aprila means of 
obtaining from the jack bean a new protein which crystallizes 
beautifully and whose solutions possess to an extraordinary degree 
the ability to decompose urea into ammonium carbonate. The 
protein crystals, which are shown in Tig. 1, have been examined 
through the kindness of Dr. A. C. Gill, who reports them to be 
sharply crystallized, colorless octahedra, belonging by this defi- 
nition to the isometric system. They show no double refraction 
and are from 4 to du in diameter. 

While the most active solutions of urease prepared in this labora- 
tory by Sumner, Graham, and Noback! and by Sumner and 
(Graham? possessed an activity of about 30,000 units per gm. of 
protein present, the octahedra, after washing away the mother 
liquor, have an activity of 100,000 units per gm. of dry material. 
In other words, | gm. of the material will produce 100,000 mg. of 
ammonia nitrogen from a urea-phosphate solution in 5 minutes 
at 20°C. At this temperature the material requires 1.4 seconds to 
decompose its own weight of urea. 

The erystals, when freshly formed, dissolve fairly rapidly in 
distilled water, giving a water-clear solution after centrifuging 
from the slight amount of insoluble matter that is present. ‘The 
solution coagulates upon heating and gives strongly the biuret, 


1 Sumner, J. B., Graham, V. A., and Noback, C. V., Proc. Soc. Exp, Biol. 
and Med., 1924, xxi, 551. 
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xanthoproteic, Millon, Hopkins and Cole, ninhydrin, and unoxi- 
dized sulfur tests. The phenol reagent of Folin and Denis gives a 
strong color, while the uric acid reagent gives none. The material 
can be entirely precipitated by saturating with ammonium sul- 
fate. The Molisch test is negative and Bial’s test is negative 
also. The absence of pentose carbohydrate, as shown by Bial’s 


Fig. 1. Photomicrograph of urease crystals magnified 728 diameters. 


test is especially pleasing as we have experienced a great deal of 
trouble in the past in freeing jack bean proteins from this 
substance. 

The octahedral erystals, when freshly prepared, are very soluble 
in dilute alkali or dilute ammonia, and are either dissolved or 
coagulated by dilute mineral and organic acids, depending upon 
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the concentration of acid. Even so weakly acid a substance as 
primary potassium phosphate is capable of causing an irreversible 
coagulation. Although the crystals dissolve in distilled water I 
am inclined to regard the material as globulin inasmuch as a 
precipitate is formed when carbon dioxide is passed into its solution 
and this precipitate immediately redissolves upon the addition of 
a drop of neutral phosphate solution. 

Owing to the fact that I have not had large enough amounts of 
the material to work with I am unable to give accurate figures 
for its nitrogen content at the present time, but this can be stated 
to be not far from 17 per cent, as shown by micro-Kjeldahl deter- 
minations made on several preparations. The content of ash is 
certainly low, so low that a considerable amount of material will 
have to be used to obtain this figure. Determination of the 
enzyme activity of the crystals has been somewhat interfered with, 
owing to the fact that dilute solutions of the crystals produce less 
ammonia from urea than one would calculate from results obtained 
from more concentrated solutions. If this effect is real, rather 
than apparent, it may be due to the instability of the enzyme at 
great dilutions. When in concentrated, solution the activity is 
not lost very rapidly, provided the material is kept in the ice chest. 

When old the crystals are entirely insoluble in distilled water, 
salt solutions, and dilute ammonia. In this condition the enzyme 
activity is almost nil. I have made several attempts to purify 
the fresh crystals by a second crystallization but have never suc- 
ceeded in obtaining more than traces of crystals and these have 
been insoluble in water and inactive. 

It may be worth noting that practically all of our previous ideas 
concerning the nature of urease appear to be confirmed by the 
discovery of the octahedral crystals and by study of their prop- 
erties. I undertook the task of isolating urease in the fall of 
1917 with the idea that it might be found to be a erystallizable 
globulin, in which case the proof of its isolation would be greatly 
simplified. Other reasons for choosing urease were that the quan- 
titative estimation of urease is both rapid and accurate, that urease 
can be reasonably expected to be an individual enzyme, rather 
than a mixture of enzymes, and that the jack bean appears to 
contain a very large amount of urease, if it is permissible to draw a 
parallelism between the urease content of the jack bean and the 
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amounts of other enzymes found in other plant and animal 
materials. 

In previous work in collaboration with Graham and Noback! 
and in unpublished work of my own it has been found that urease 
is very completely precipitated, together with the -jack bean 
globulins, by cooling its 35 per cent alcoholic solution to —5 to 
—10°C., provided the reaction is sufficiently acid. We have found 
that urease can be precipitated by neutral lead acetate and neutral- 
ized cadmium chloride and that most of the urease can be re- 
extracted by decomposing the precipitate with potassium oxalate; 
that urease can be precipitated by tannic acid without very much 
inactivation and that urease can be rendered insoluble, with loss of 
a part of its activity, by the action of dilute alcohol or very dilute 
acid. 

Although the literature contains numerous references to a co- 
enzyme of urease, I believe that no specific coenzyme exists. My 
evidence rests upon the tact that the loss of activity that occurs 
when the octahedral crystals are separated from a jack bean extract 
is almost exactly equal to the activity obtained when these crystals 
are washed with dilute acetone and then dissolved in water. If 
anything could separate an enzyme from its coenzyme crystalliza- 
tion might be expected to do so. The proteins in impure urease 
solutions doubtless exert a protective action as buffers and both 
proteins and polysaccharides may exert protective colloidal 
action. 

I present below a list of reasons why [ believe the octahedral 
crystals to be identical with the enzyme urease. 

1. The fact that the crystals can be seen by the microscope to 
be practically uncontaminated by any other material. 

2. The great activity of solutions of the crystals. 

3. The fact that solvents which do not dissolve the crystals 
extract little or no urease and that to obtain solutions of urease 
one must dissolve the crystals. 

4. The fact that the other crystallizable jack bean globulins, 
concanavalin A and B, carry with them very little urease when 
they are formed from solutions that are comparatively rich in 
urease. 


2 Sumner, J. B., and Graham, V. A., Proc. Soc. Exp. Biol. and Med., 1925, 
xxii, 504. 
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5. The unique crystalline habit of the octahedra and their ready 
denaturation by acid. 

6. The fact that the crystals are purely protein in so far as can 
be determined by chemical tests, combined with evidence from 
previous work to the effect that urease behaves like a protein in 
its reactions towards heavy metals, alkaloid reagents, alcohol, 
and acids. 

7. The fact that the crystals are nearly free from ash and the 
fact that we have previously prepared solutions of urease that 
contained neither iron, manganese, nor phosphorus. 

The method which I have used to obtain thé crystals is extremely 
sunple. It consists in extracting finely powdered, fat-free jack 
bean meal with 31.6 per cent acetone and allowing the material to 
filter by gravity in an ice chest. After standing overnight the 
filtrate is centrifuged and the precipitate of crystalline urease is 
stirred with cold 31.6 per cent acetone and centrifuged again. The 
crystals can be now dissolved in distilled water and centrifuged free 
from insoluble and inactive matter that has passed through the 
filter during the filtration. Of the urease extracted from the meal 
as much as 47 per cent may be present in the crystals. If one uses 
coarsely ground jack bean meal that has not been freed from fat 
the crystals are still obtained, but in traces only. I have carried 
out the process described above about fifteen times since first 
discovering the crystals and have always had success. The 
method is described in the experimental part of this paper in de- 
tail. It is probable that not all of the precautions that I have 
taken are necessary, but I think it best to give a description of the. 
method exactly as it has been used by me. 


Preparation of Urease Crystals. 


Distill commercial acetone from a mixture of fused calcium 
chloride and a little soda-lime to remove water and acids. Place 
158 ce. of the distillate in a 500 cc. graduate. Dilute with distilled 
water to the 500 cc. mark, mix, and cool to 22°C. Dilute exactly 
to mark and pour upon 100 gm. of ‘‘Arleo” jack bean meal which 
has been placed in a beaker. Stir for 3 or 4 minutes to break up 
the lumps. Now pour the material upon a 28 em. Schleicher and 
Schill filter, number 595. It is best to pour the mixture on the 
filter where there are four thicknesses and to add more only when 
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the paper has become moistened higher up, as in preparing the 
Folin-Wu blood filtrate, but even if this is done the filtrate may 
come through not quite clear at first and in this case the first 50 
ec. should be refiltered. When all, or nearly all of the material 
is on the filter place in an ice chest at 2—2.5°C. and allow to remain 
overnight. The next morning centrifuge off the crystals that are 
present in the filtrate, using cold 50 ce. centrifuge tubes and cold 
holders for the tubes. (I have centrifuged for 7 minutes at a 
moderate speed and then cooled the tubes and holders in the ice 
chest for 10 minutes before centrifuging more of the filtrate.) 

When all of the crystals have been centrifuged off drain the tubes 
against clean filter papers to remove the last drops of the mother 
liquor. The crystals can now be stirred up with 5 to 10 ec. of 
ice-cold 31.6 per cent acetone and centrifuged again and the tubes 
again drained against filter papers. The crystals are now dis- 
solved in from 15 to 40 ec. of distilled water at room temperature 
by stirring, and the solution is centrifuged free from insoluble 
matter. lor examination under the microscope it is best not to 
separate the crystals from all of the original mother liquor as they 
are insoluble in this. 

The Arleo jack bean meal referred to above is an extremely finely 
ground, fat-free meal obtained from The Arlington Chemical 
Company, Yonkers, N. Y. 


Estimation of Urease Action. 


Make a solution containing 3 per cent of urea, 5.4 per cent of 
KeHPOs,, and 4.25 per cent of KH.PO,; preserve with toluene and 
place in a bath of 20.0°C. Pipette 1 ec. of the diluted enzyme 
solution into a test-tube that contains no adsorbed mercury and 
allow to remain in bath to reach its temperature. Now rapidly 
add to the enzyme 1 cc. of the urea-phosphate solution and mix. 
Allow the action to proceed for 5 minutes. At the end of this 
interval blow into the solution 1 ec. of normal hydrochloric acid 
to inactivate the enzyme and mix immediately. Wash the ma- 
terial into a 100 ce. volumetric flask, dilute, Nesslerize, dilute to 
mark, mix, and compare with a standard containing 1 mg. of 
ammonium nitrogen that has been prepared at the same time. 
If the color of the unknown is much lighter or darker than that 
of the standard the test must be repeated, using a more con- 
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centrated, or a more dilute enzyme solution, as the case may be. 

This procedure can be used only with solutions of urease that 
are relatively pure. For example, urease prepared by extracting 
jack bean meal with 30 per cent alcohol gives results by this 
method that are about 3 per cent too low on account of the inter- 
fering action of the protein that is present. The protein can be 
removed by precipitation with potassiomercuric iodide containing 
hydrochloric acid and an aliquot of the filtrate can be Nesslerized 
in eases of this sort.’ 


Determination of Dry Weight of Urease in Solutions. 


As the addition of absolute aleohol to solutions of the crystals 
did not precipitate all of the protein, which was probably on ac- 
count of the lack of electrolytes, I was obliged to pipette the solu- 
tion into a weighed glass dish and evaporate to dryness in a boiling 
water oven. The temperature of the oven was about 94°C. 
The dish and contents were then dried to constant weight in a 
desiccator over sulfuric acid. 


Determination of Total Nitrogen. 


As I have not yet prepared the material on a large scale the 
macro-I<jeldahl method was not used. The material was digested 
in a large Kjeldahl flask with a small amount of sulfuric acid and 
copper sulfate. After digestion the material was washed into a 
large glass tube and the ammonia aerated off and Nesslerized. 
It was found impossible to digest the material in a glass tube, such 
as is ordinarily used, as it foamed very badly. 


CONCLUSION. 


A new crystallizable globulin has been isolated from the jack 
bean, Canavalia ensiformis. From the reasons given elsewhere 
in this paper I am compelled to believe that this globulin is iden- 
tical with the enzyme urease. 


I wish to thank Professor A. C. Gill for examining the crystals 
and Professor S. H. Gage and Professor B. F. Kingsbury for photo- 
graphing them. 


Sumner, J. B., J. Biol. Chem., 1919, xxxviii, 59. 
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GLUCOSE AND FRUCTOSE RETARDATION OF INVER- 
TASE ACTION.* 


By J. M. NELSON ann RUBERT 8S. ANDERSON, 
(From the Department of Chemistry, Columbia University, New York.) 


(Received for publication, June 9, 1926.) 


Several papers have appeared recently, dealing with the in- 
fluence of glucose and fructose on the rate of hydrolysis of sucrose 
by invertase. In the interpretation of this influence, the authors 
of these papers have adopted the hypothesis of Michaelis and 
Menten (1), that the enzyme combines with the sucrose and that 
the rate of the hydrolysis is proportional to the concentration of 
the invertase-sucrose compound. They also have accepted 
Michaelis and Menten’s view that the retardation of the reaction 
by glucose and fructose is due to invertase also having affinity 
for these sugars. The union of the enzyme with the hexoses 
present in the solution would leave less of the former free to unite 
with sucrose, and in this way lower the rate of the reaction. 

Kuhn (2) noticed that not only is the extent of the retardation 
due to the a- and §-glucose and to fructose different, but that 
invertases obtained from different sources behave differently in 
this respect. Thus, the action of an invertase prepared from a 
particular brewery yeast was found to be not affected at all by 
a-glucose, but was retarded by 8-glucose and fructose. On the 
other hand, an invertase occurring in taka-diastase was influenced 
by these sugars in just the opposite way, a-glucose exerting con- 
siderable retardation, while 8-glucose and fructose have no in- 
fluence. This led Kuhn to claim that the invertase obtained from 
yeast has no affinity for a-glucose, but only for §-glucose and 
fructose, and that the invertase in taka-diastase has affinity for 
a-glucose but not for 6-glucose nor fructose. By combining this 
view with Hudson’s claim (3) that glucose occurs in sucrose as the 


* Published as Contribution No. 514 from the Department of Chemistry, 
Columbia University. 


443 


444 Invertase Action 


a-mutamer, Kuhn claimed that the union between the yeast 
invertase and sucrose occurs at the fructose part of the latter. 
In other words, this particular invertase may be termed a fructo- 
sidase. Inthe same way, he has designated the invertase in taka- 
diastase as an a-glucosidase. 

Von Euler and Josephson (4) repeated Kuhn’s experiments, 
using an invertase from a different yeast. Their results differed 
from Kuhn’s in that they found that both mutameric forms of 
glucose retarded. They expressed the opinion that the difference 
between their results and those of Kuhn were most likely due to 
the fact that their invertase was obtained from a different yeast. 
To make sure on this point, however, Josephson (5) has repeated 
Kuhn’s experiment a second time, using in this case invertase 
prepared from the same yeast as that from which IKkuhn obtained 
his invertase. Again Josephson found that a- as well as 8-glucose 
exerts a retarding influence. These observations of Josephson’s 
have led Kuhn and Miinch (6) to extend this study to several 
invertase preparations prepared from the same yeast. They now 
find that these preparations from the same yeast are not all 
affected in the same way by a- and 6-glucose and by fructose. In 
the case of some of these preparations, a-glucose is without in- 
fluence while 8-glucose retards; for others, the reverse is true. 
Similar differences in behavior appear to exist when fructose 1s the 
retardant. This has led IKKuhn to question his scheme for classi- 
fying the different invertases, at least those from yeast. 

In connection with their study of retardation due to glucose and 
fructose, von Euler and Josephson (7, 8) have suggested a new 
hypothesis that the affinity of invertase for sucrose is really the 
resultant of the affinities of different parts of the invertase mole- 
cule, which manifest different degrees of specificity for the glucose 
and fructose in the sucrose. 

So far as the present authors are aware, the above investigators 
did not take into account the influence of the sucrose concentration 
on the extent of retardation caused by the above retardants. <A 
study of this influence has been carried out in this laboratory (9), 
and since the results obtained have a bearing on the theories dis- 
cussed above, a brief account of the work is given below. 

The rates of hydrolysis were determined for a series of sucrose 
solutions containing 2, 5, 10, and 20 per cent sucrose, but all 
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having the same amount of the same invertase, Preparation B, 
and the same concentration of hydrogen ion. These rates were 
then compared with the rates of a series of corresponding sucrose 
solutions, which only differed from the first in that they also con- 
tained added amounts of either a- or §-glucose or fructose as 
indicated in Table I. 
TABLE I, 
Hydrolyses of Sucrose Solutions, Containing 11 Ce. of Invertase B and Sucrose 
and Added Retardant as Indicated. 

Volume of solutions 110 ce. in each case. pH = 4.95—5.07, determined 
at 25°. Zero time of hydrolysis extrapolated. Temperature at which the 
hydrolysis took place = 0.13°. 


Retarded rates of hydrolysis, given as per cent 
of rates for corresponding sucrose solutions 
containing no added retardant. 
Per cent sucrose present. ..........csececeees 2 5 10 20 
2 per cent @ -glucose.............. 83.3 85.3 89.8 
55.9 59.7 63.9 67.7 
94.9 
50.4 66.9 78.5 $6.1 
2 ‘* mutarotated fructose...| 75.4 93.5 
62.7 74.2 S1.6 88.8 
42.6 56.0 67.3 76.4 
79.3 88.4 92.7 
46.6 60.0 71.4 80.0 
Relative velocities of blanks........ 86.1 | 100.0 94.7 75.6 


In order to secure data, which would be more or less quantita- 
tive, care was taken to control, as far as possible, the concentra- 
tions of the retardants. Since the different forms of glucose and 
fructose mutarotate, naturally it was impossible to maintain their 
concentrations constant during the hydrolysis. In order to reduce 
the variation in concentration of the hexose, due to this cause, as 
far as possible, most of the hydrolyses were run at 0.13°C., because 
as shown by Nelson and Beegle (10) the rate of mutarotation is 
very much less at this low temperature than at 25°. Furthermore, 
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since invert sugar is formed by the reaction as it proceeds, the 
rates were measured in the earlier stages of the hydrolyses, usually 
within the first 10 per cent hydrolysis of the sucrose present, ex- 
cept in the case of the 2 per cent sucrose solutions. In the latter 
case the rates were determined during the time required for the 
first 20 per cent. 
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The results obtained in these experiments have been summarized 
in Table I (for detailed readings see original dissertation (9)) and 
are shown graphically in Fig. 1. 

It will be noticed, especially by examining the shape of the 
individual curves in Fig. 1, that the retardation decreases as the 
sucrose concentration is increased, and further, although the 
6-glucose retards more than the mutarotated fructose and that in 
turn more than the 6-fructose, still all these curves are similar 
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in shape. This similarity in shape indicates that these three 
hexoses bring about retardations which are quite similar in char- 
acter. On the other hand, this does not appear to be true when 
a-glucose is the added retardant. Ly examining the shapes and 
positions of the a-glucose retardation curves in Fig. 1, it will be 
noticed that at 2 per cent sucrose this glucose mutamer retards 
less than, and at 20 per cent sucrose, more than any of the others. 
The curve is thus of an entirely different shape and shows the 
retardation of a-glucose to be less dependent on the sucrose con- 
centration than is the case for either 6-glucose or fructose. It 
also indicates that the retardation of a-glucose differs from that 
of 6-glucose not only in the extent of the retardation, but also in 
the way or manner in which this retardation is brought about. 
It is evident therefore, that in comparing the relative retardations 
induced by the two modifications of glucose, that the concentra- 
tion of sucrose has to be taken into account. 


EXPERIMENTAL. 


In carrying out the hydrolyses of sucrose in the presence of 
added hexoses, the stock sucrose solutions containing the required 
amounts of sucrose and buffer were placed in a thermostat main- 
tained at 0.13° + 0.015 with cracked ice and well stirred water 
at least 3 hours before the hydrolyses were started. The amount 
of sucrose solution required for a particular run was transferred by 
means of a pipette to the hydrolysis bottle, which remained in the 
bath at least an hour before the start of the hydrolysis. 

In the meantime, a weighed amount of hexose, finely powdered, 
was placed in a volumetric flask and cooled in the bath. Water, 
which had been previously cooled, was then added, the hexose 
dissolved by shaking, and the solution made up to volume. The 
required volume, from 12.5 to 50 ec., was then transferred to the 
hydrolysis bottle which already contained the sucrose solution. 
If care was taken, by working rapidly, to keep the unavoidable 
increase in temperature during the above manipulation small, 
the hydrolysis could be started about 25 minutes after the solution 
of the solid hexose. 

Another method was used for introducing the hexose in the 
later hydrolyses, which was considered better. ‘This method con- 
sisted in dissolving the solid hexose directly in the buffered sucrose 
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solution, instead of making it up separately. This procedure, 
especially in the case of solutions containing relatively high hexose 
concentrations, involved an increase in volume of the solution due 
to the added solid hexose. The amount of this increase was 
determined by actual trial. A volumetric flask was filled to the 
mark with solution and such amounts removed that when a given 
weight of hexose was added the volume of the solution rose to the 
mark. Having determined this necessary correction, the proper 
concentration of sucrose in the solution and the proper volume 
of this solution required for the hydrolysis were calculated. Wide 
mouth bottles were used for the hydrolysis so that the solution 
could be stirred without removing it from the bath. Using this 
procedure, 10 to 15 minutes after solution of the hexose were found 
to be ample time for the temperatu”e to return to wel: w'inin 0.1° 
of the bath. 

Two final solution volumes were used, 110 and 210 ec. In 
each case this included 11 ec. of Invertase B; prepared by the 
method of Nelson and Porn (11). Sodium citrate-hydrochloric 
acid buffer was used throughout. The concentration was 0.01 
molar except in some 2 and 5 per cent sucrose solutions where it 
was 0.002 and 0.005 molar. 

The methods of sampling and of reading the polariscope were 
those described by Nelson and Hitchcock (12) except that 10 ce. 
of sodium carbonate and 400 mm. polariscope tube were used. 
The materials used were purified in the manner described by 
Nelson and Bodansky (13). 
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The problem of acidosis in diabetes in man and in diabetes 
induced in animals by means of phlorhizin or pancreatectomy has 
been studied by a very large number of workers. The literature 
of the subject is so extensive that no attempt can be made here to 
review it. Only those papers which have a direct bearing on our 
work will be mentioned. 

We have followed the elimination of acidic and basic radicles 
in pancreatectomized and phlorhizinized dogs and have attempted 
to correlate these findings with the changes in the CO, capacity of 
the blood. The idea presented itself that the loss of base from the 
diabetic animal might have some relation to the volume of urine, 
similar to the relation observed by Hendrix and Calvin (1), in an 
investigation of diuresis produced by saline diuretics. It seemed 
to us that if diabetic animals which voided only a small volume 
of urine per day could be obtained, we might find much less change 
in the CO. capacity of the blood than in those animals which 
eliminated large volumes of urine. Hendrix and Sweet (2) in 
their study of the effect of Eck’s fistula upon depancreatized dogs, 
which were fasting, obtained a high CO. capacity in the blood. 
At that time it was thought that the Eck’s fistula was responsible 
for this but in the light of results reported in the present paper, 
we have suggested another explanation. In this earlier work, 
no attempt was made to ascertain whether any vomiting had 
occurred and what effect vomiting might have on the CO. capacity 
of the blood. The influence of the migration of chlorine ions upon 
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the available fixed base of the blood and perhaps of the tissues has 
been pointed out by Gamble, Ross, and Tisdall (3) and by Peters 
and his coworkers (4). Our results differ somewhat in detail but 
do show that certain migrations of chlorine ions may have a very 
pronounced effect upon the CO» capacity of the blood. 

The “acetone acids’ are usually regarded as responsible for the 
development of acidosis in diabetes. The excretion by the kidney 
of the salts of these acids is thought to deplete the body of fixed 
base. Weber, Briggs, and Doisy (5) have shown that depan- 
creatized dogs may produce and excrete considerable amounts of 
lactic acid under certain conditions. Our results indicate that 
organic acids other than acetone acids do make up a relatively 
large portion of the total organic acid excreted. Unless these 
other organic acids are excreted as free acids or as ammonium 
salts, they are undoubtedly of importance in removing fixed base 
from the body. 


EXPERIMENTAL. 


The first two animals used were dogs made diabetic by injections 
of phlorhizin. In all but these two cases, female pancreatecto- 
mized dogs were used. In the operated animals, the wound was 
usually allowed to heal under the influence of insulin before the 
experiment was started. The analysis of the blood and urine on 
the last day of insulin treatment was taken as the normal or con- 
trol. In the last four experiments insulin was not given but the 
work was started immediately after the operation, the analyses 
of the blood and urine of the day before the operation being taken 
as the normal figures. The dogs were kept in large cages and the 
urine collected under toluene. In many cases there was con- 
siderable vomiting. The vomitus was mixed with the urine and 
the mixture analyzed as urine. We have found no practical way 
to collect the urine and vomitus separately and from our point of 
view it did not seem necessary since we are interested in the total 
loss of acids and bases from the body. The animals were cathe- 
terized each morning in order that the daily specimens might 
represent as nearly as possible the same period of time. On cer- 
tain occasions the urine was collected for 48 instead of for 24 hours. 
Blood samples were drawn from the heart. The animals, except 
Nos. 5, 9, and 25, had no food at any time during the duration of 
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the experiment. The feedings in these cases will be mentioned 
when the work on the animals is discussed. The animals were 
given all the distilled water that they cared to drink. 

The results of analyses of the urine are reported in terms of ce. 
of 0.1 N for the period over which the urine was collected. This 
enabled us to compare on a basis of chemical equivalents the 
various factors which influenced the loss of base through the 
excreta. Our analyses of the acidic and basic radicles in the urine 
are seldom exactly equivalent to each other. The sum of the acid 
radicles (organic acid plus chloride plus sulfate plus phosphate) 
were usually rather larger than the basic radicles (fixed base plus 
ammonia plus titratable acidity). The only times that we have 
noticed an excess of basic ions were in those cases (for example 
Dog 13) in which ammoniacal putrefaction of the urine had oc- 
curred due to bladder infection. Perhaps the usual discrepancy 
in our figures is due to the unavoidable errors in the methods used 
and in the mode of calculation. The determinations which are 
most open to question are those of the organic acids and of the 
titratable acidity. Errors seem unavoidable in the method for 
organic acids. The final end-point is by no means sharp and we 
may have been titrating past the true end-point, although we have 
taken considerable effort to correct any errors we were making in 
this determination. <A possible source of error in our calculation is 
in considering the phosphate as a dibasic acid. We have at- 
tempted to titrate to the pH at which all of the phosphates are 
in the form of BeHPO,. 

The depancreatized dogs were regarded as diabetic if the blood 
sugar went up to more than 200 mg. per 100 ec. and if glucose 
appeared in the urine in considerable amounts when the dogs were 
fasting. No analyses of blood and urine are reported in this paper 
on dogs which did not show diabetes to this extent. In the case 
of the phlorhizinized dogs the blood sugar, of course, did not 
increase. 

The following analytical methods were employed: blood and 
urine sugar, Shaffer and Hartmann (6); blood chlorides, Van 
Slyke (7); urine chlorides, Volhard-Arnold; carbon dioxide capac- 
ity of whole blood, Van Slyke and Cullen (8); oxygen capacity of 
blood, Van Slyke (9); total bases of the blood and urine, a modifi- 
cation of the Fiske method (10); organic acid of urine, Van Slyke 
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and Palmer (11); total acetone bodies, Van Slyke (12); inorganic 
sulfates of urine, Rosenheim and Drummond (13); phosphates of 
urine, uranium acetate titration; acidity of urine, Folin (14); 
ammonia of urine, modification of Folin’s method (14); pH of 
blood plasma, Cullen (15). All blood analyses except the deter- 
mination of pH were made on whole blood. In order to conserve 
space in our tables, the results on pH of blood, and on urinary 
nitrogen and sugar, have been omitted from our data. 


DISCUSSION. 


These experiments on diabetes fall into three classes: Group I 
in which the urine volumes were small; Group II in which the 
urine volumes were large; and Group III in which the apparently 
large volume of urine was probably due to vomitus as indicated 
by the presence of a very large amount of chloride. Groups I 
and III showed little or no decline in the carbon dioxide capacity 
of the blood while Group II developed acidosis of more or less. 
marked intensity. 

Group I.—Dog 25, which was fasted during the first 6 days of 
the experiment, maintained a CO: capacity of the blood at a 
practically normal level throughout this period. On only 1 day 
did the CO, capacity of the blood fall below that found previous to 
the operation, while on at least 1 day it increased slightly but defi- 
nitelyabovethenormal. Theurine volume remained small through- 
out this period of the experiment, averaging less than 250 cc. 
per day if we neglect the relatively large volume, undoubtedly 
vomitus, which was eliminated soon after the operation. On 
the other days of this part of the experiment, the amounts of 
chloride, base, and organic acids were quite low. ‘The first part. 
of the experiment on Dog 13 shows this same relationship between 
the low volume of urine excreted and the high CO, capacity of the 
blood. This continued until the animal was fed and given insulin 
while an attempt was being made to clear up a bladder infection 
which had developed. During this period of high CO, capacity 
of the blood the volume of urine was quite small, never being 
more than 145 ee. for the entire 24 hour period. The amount of 
chloride lost was quite small so that the loss of hydrochloric acid 
from the stomach could not have been responsible for the sustained 
CO. capacity of the blood. During the first 4 days of the experi- 
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ment, Dog 5 showed also this same relationship between the small 
urine volume and the absence of acidosis. This is particularly 
noticeable on the 4th day when the urine volume decreased and 
the CO. capacity of the blood increased. On this day (May 1) 
the dog was given 40 gm. of glucose by mouth. 50 gm. were given 
on May 4 and 5, respectively. This extra sugar was excreted in a 
somewhat larger volume of urine. During the period of sugar 
administration, the CO, capacity of the blood decreased slightly. 
In Dog 12 there was a relatively small volume of urine until 
vomiting began. In this case there was a falling off in the CO, 
capacity of the blood but no very marked increase in the base of 
the urine. The volume of urine was not decreased below what 
may be regarded as the normal. This experiment will be referred 
to again when we discuss the effect of chloride loss on the CO, 
capacity of the blood. The results of the experiment on Dog 14 
show a low urine volume and a well maintained CO, capacity of 
the blood, but a few days of high chloride excretion make a correct 
interpretation difficult. It appears however that there was in 
this case the same definite association between small urine volumes 
and high CO, capacity of the blood as in practically all dogs of this 
series. The volume of urine in the case of Dog 19 was low but 
since the urine was contaminated with vomitus on at least 3 days, 
the results cannot be said to give any clear cut evidence con- 
cerning the relation between the CO, capacity of the blood and the 
volume of urine. 

The results of these experiments in which small volumes of urine 
were excreted are, in many respects, similar to those obtained by 
Hendrix and Sweet (2) on diabetic Eck’s fistula dogs. The CO» 
capacity in those experiments was maintained at a high level 
when the dogs were fasting but when they were fed on a diet of 
meat, the volume of urine increased and acidosis developed. One 
point of difference between the results of Hendrix and Sweet and 
those of this series seems to be in the amount of glucose excreted. 
In most of our experiments on dogs eliminating small volumes of 
urine, the D:N ratios are as high as one would expect in pancreatic 
diabetes while in the case of the Eck fistula dogs, sugar practically 
disappeared from the urine after several days of fasting. 

Whether the small volume of urine is directly responsible for 
the maintenance of a high CO» capacity of the blood, or whether 
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both of these are an expression of some factor which we have not 
taken into account is not evident. It may be that less acid was 
produced in these dogs than in others in which there were larger 
volumes of urine, more acids and bases excreted, and a greater 
decline in the COs capacity of the blood. It may be pointed out, 
however, that Hendrix and Calvin (1) have found more phosphate 
and especially more organic acid radicles in the large volumes of 
urine excreted by normal dogs under the influence of saline diu- 
retics than when the urine volume is smaller. It seems that the 
absence of diuresis may be responsible for the elimination of less 
acid and therefore for the retention of more base by these animals 
than if the volume of urine were greater. This might appear to 
cause an accumulation of the salts of phosphoric and organic acids 
in the blood and tissues. If there is less eliminated, these organic 
acids might be utilized within the body. 

The intensity of diabetes in this group of animals appears to 
have been as great as that in the other groups if the level of blood 
glucose be considered as a criterion. In all the animals of this 
group the blood sugar in fasting was found to be above 300 mg. 
per 100 ec. of blood before the observations were discontinued, 
and in all cases it had reached 200 mg. by the 2nd day. 

Group II.—In the experiments in which the volumes of urine 
excreted were large, Dog 17 is perhaps the best example since the 
loss of chloride from the stomach did not come in as an obscuring 
factor. The fallin the CO. capacity of the blood of this animal did 
not become pronounced until the 3rd day when the volume of the 
urine began to increase. The loss of fixed base was not large until 
the 4th day. The proportion of acid radicles associated with 
fixed base is higher than usual here. In Dog 4, the fall in CO, 
capacity of the blood and the excretion of fixed base ran parallel 
but there is some reason to believe that the urine was contaminated 
with vomitus during the last 2 days of the experiment, so it is 
rather difficult to trace the exact relations between the CO, 
capacity of the blood and the volume of the urine. Reference 
has already been made to the figures in the last part of the experi- 
ment on Dog 5. ‘The increased volume induced by the administra- 
tion of glucose is associated with a decline in the CO. capacity of 
the blood, to the extent of 2.65 volumes per cent. With the in- 
crease in the volume of urine, there was an increased elimination 
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of organic acids as well as of fixed base. The results on Dog 9, to 
which 50 gm. of glucose were given on 3 successive days in order 
to increase the volume of urine, show a fairly marked fall in the 
CQO.-combining power of the blood reaching the lowest level on 
the last day of the experiment. In the latter part of the observa- 
tions on Dog 25 (already referred to in Group I) the animal was 
fed Klim suspended in water. The analytical results on the 
urine are very unsatisfactory on account of fecal contamination 
but here again the increase in urine volumes was associated with a 
fall in the CO, capacity of the blood. There was also an increased 
elimination of base and of organic acid. After a few days the dog 
refused its food and then the excretion of organic acid and of base 
diminished. Later when both insulin and food were given to the 
animal the elimination of base and of organic acid decreased further 
and the COs capacity of the blood increased well toward the normal 
level. Still later when the dog was observed again without food 
or insulin, the CO capacity of the blood fell off rather markedly in 
spite of the very low urine volumes. The amount of urine, how- 
ever, had decreased to such an extent that it is possible that the 
kidneys may have been impaired. It is certain that the bladder 
had become infected, for the urine withdrawn by catheter was 
distinctly alkaline due to the presence of free ammonia. 

In experiment on Dog 11 there was a considerable loss of base 
and a high excretion of organic acids as well as a marked fall in 
the CO, capacity of the blood. The volume of urine was moder- 
ately large though this is not so apparent at first thought for 
the urine volume on the control day is fairly high. In other cases 
(Dogs 1, 2, and 4), we have similar results but these are com- 
plicated by the large chloride excretion. In many if not all of 
these cases the chloride came from the stomach. 

In these experiments just cited, the increase in the volume of 
urine eliminated by the animal was accompanied by a fall in the 
CO. of the blood whether the increase in the urine occurred 
naturally or was due to the administration of glucose. The 
effect of ingestion of glucose upon the CO, capacity of the blood 
and upon the excretion of acid and fixed base in the urine is in- 
teresting in the case of Dog 5. Glucose in itself should not cause 
any production of acid in the body and hence might be expected 
to cause an Increase in urine volume but not in the amount of acids 
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and bases excreted. ‘The increase in volume is, however, ac- 
companied by a greater elimination of organic acids and fixed 
bases which might be attributed to the diuretic effect of the glucose. 
If diuresis is a factor in the production of acidosis in diabetes, it 
might be supposed that the pH of the urine and the relative 
amounts of fixed base as compared with the acid radicles would 
increase. Dog 17 showed this effect of increased urine volumes. 
The ratio of fixed base to acid radicles rose at the end of the experi- 
ment when the volume of urine had become large. In most of 
the other animals this ratio did not increase when the urine 
volume was great. It may be pointed out, however, that there 
is a definite decrease in the acidity of the urine in very marked diu- 
resis, such as that studied by Cushny (16) and by Hendrix and 
Calvin (1). 

It might be well to emphasize again that in this group of ani- 
mals, when the CO, of the blood decreased markedly, the blood 
sugar was no higher than the level maintained in the dogs of 
Group I, where the CO, stayed at a high value. This shows that 
there is no definite relationship between the sugar in and the alkali 
reserve of the blood in diabetes. The figures of Groups I and II 
seem to show that acids and bases of the urine are excreted in direct 
proportion to the volume. 

Group III.—The effect of large elimination of chloride from the 
stomach soon appeared as a confusing factor in these experiments. 
Some of these results, however, do show the marked effect upon 
the CO, capacity of the blood. In some cases, in spite of the large 
loss of fixed base in the excreta, the CO, capacity of the blood in- 
creased until it became higher than the value we had accepted 
for the normal. Experiment on Dog 22 showed this result in a 
very definite way. ‘The loss of chloride was large during the first 
3 days after the operation and the CO, capacity of the blood in- 
creased from 54.31 to 56.82 volumes per cent. The chloride 
excretion was low on the 4th, 5th, and 6th days and the CO, 
capacity of the blood dropped to 52.16 volumes per cent. During 
the last part of the experiment, the chloride loss was again high 
and an increase in the CQO». capacity also occurred. The blood 
chlorides followed the elimination of chlorides showing at first a 
fairly rapid decrease followed by a relatively constant period and 
finally there was another decrease at the end of the experiment. 
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(in the 5th day of the experiment on Dog 21, there was a very 
decided increase in the CO, capacity of the blood and a large 
excretion of chlorides. On the following day, the CO. capacity 
of the blood fell somewhat and the chloride elimination was de- 
creased though still rather large. Interpretation of these results, 
however, is complicated by the fact that the dog received 25 units 
of insulin on each of these days. Doubtless this had something 
to do with the increase in the available alkali of the blood. In 
Dog 16, the elimination of chlorides on the 2nd and 4th days was 
large and the increase in the CO. capacity was considerable on 
those days. The blood chlorides decreased in this dog whenever 
there was a large loss of chloride in the excreta. Similar results 
were obtained on the last day of experiment on Dog 15, and the 
last 3 days of Dog 12. Blood chlorides were not determined in 
these cases. 

There was an increase in CO,» capacity of the blood on the days 
of high chloride elimination in spite of the fact that excretion of 
fixed base was usually high on these days. In some cases there 
was a large loss of chloride without any upward trend in the CO, 
capacity of the blood (see Dogs 12, 13, and 15). It seems prob- 
able that on certain occasions the acidosis may have been so 
intense that the elimination of hydrochloric acid by the stomach 
was not sufficient to overcome the effect. These experiments do 
not supply any evidence to support the theory of Peters et al. 
(4) that chlorine ions migrate to the tissues in general in diabetic 
acidosis. Our results do suggest most definitely that such migra- 
tion is to the stomach, from which they are thrown out as hydro- 
chloric acid in the vomitus. This leaves an excess of base in the 
blood and perhaps in the other tissues to combine with carbonic 
and other acid radicles. 

It is possible that the relatively constant CO. capacity of the 
blood during the period of low chloride elimination in Dog 22, as 
well as in our experiments which showed both low urine volume 
and low chloride elimination, may be due to the migration of chlo- 
rine ions into the tissues, but the relative constancy of the blood 
chlorides in these animals does not indicate such a migration. 

Relation between Organic Acids and Acetone Bodies in the Urine.— 
The relation between the total acetone bodies and the total or- 
ganic acids in these experiments is an interesting one. The in- 
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TABLE I. 
Undetermined Acid Radicles in the Blood. 


Date 
Dog 16 
cc. N/10 per 100 ce. 

Dog 17. 

Dog 19 

Dog 21. 

Dog 22 
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TABLE I—Concluded. 


Undetermined 


Date. acid radicles. 


Dog 22—Continued. 


; ce. N/10 per 100 cc, 
Dog 25 


crease in total organic acids in most cases was considerably greater 
than can be accounted for by the acetone bodies even if all of 
these are regarded as monobasic acids. We have no data to show 
how much of the acetone bodies was excreted as preformed ace- 
tone and how much as acetone acids. For example, in Dog 17, 
the ratio of organic acid to acetone (both calculated to cc. of 0.1 
N acid) never fell below 1.9. There can be no doubt about the 
development of acidosis in this case. In Dog 11 this ratio fell 
to 1.3. Part of the time in the experiment on Dog 5 and on the 
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last day of the experiment on Dog 13 this ratio was less than 1. 
The relatively high acetone excretion in Dog 5 was not confined 
to the period of most marked acidosis as measured by the greatest 
fall in the CO. capacity of the blood. In fact the lowest organic 
acid-acetone ratio occurred when the COs, capacity of the blood 
was the highest. Generally, however, this ratio was the lowest 
when the CO, capacity of the blood was diminished to a consider- 
able extent. The point we wish to make here is that, in most 
cases, the acetone bodies do not account for all the increase in the 
total organic acids. ‘The other organic acids appear to be at least 
of equal importance in the urine acidity in diabetes in dogs. We 
have made no effort to ascertain the nature of the organic acids 
other than to determine the amount of the total acetone bodies. 

Effect of Acidosis on Total Bases and upon Undetermined Acids 
of the Blood.—We have calculated the base bound by carbonic 
volumes per cent 

2.24 
result slightly in excess of the true value which is compensated 
for by the omission of inorganic phosphate in the following 
calculation. 

Total base (ee. 0.1 N per 100 ee.) — [BHCOs] (ec. 0.1 N per 
100 ce.) — BCI (ee. 0.1 N per 100 ec.) — [BP], (ee. 0.1 N per 100 
ec.) = ec. 0.1 N base combined with undetermined acid radicles 
of the blood. 

[BP], = 3.6 [Hb], (pH, — 6.6) which is formula (55) of Van Slyke, 
Wu, and McLean (17). This value cannot be more than relatively 
correct for the dog. 

From the figures presented, it is evident that the blood base 
may fall even though acidosis does not develop. In Dog 17, 
where acidosis developed to a marked degree, the blood base 
values were not lowered and stayed about normal. In Dog 
25, acidosis did not appear while the blood base was low during 
fasting, but when feeding increased the blood base level, the CO» 
capacity of the blood decreased. In Dog 17, which showed acido- 
sis, the amount of undetermined acids of the blood increased. 
On the other hand, in Dog 25 there was no increase in the unde- 
termined acids of the blood during the period of low CO, capacity 


of the blood. 
In Dogs 19 and 21, the undetermined acids of the blood were 


= cc. 0.1 N base per 100 cc. This givesa 


acidas 
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high on certain days but this rise was not associated with any 
marked fall of the CO. capacity. On April 29, Dog 25 showed 
this marked increase in undetermined acids, but the CO. of the 
blood on that day was slightly higher than on previous days. 

The results as far as they go do not demonstrate any relationship 
between the amount of base or of undetermined acids of the blood 
and the development of acidosis. 


SUMMARY. 


Acidosis as measured by the CO: capacity of the blood developed 
in depancreatized dogs only when the urine volume became rela- 
tively large. It is suggested that diuresis may be a factor in the 


production of diabetic acidosis. 

Organic acids other than the acetone acids accounted for a 
large proportion of the total organic acids eliminated. 

The fixed bases of the blood did not vary with the CO. capacity 
but rather with the chlorides and other acid radicles of the blood. 
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THE TRANSPORT OF OXYGEN AND CARBON DIOXIDE BY 
SOME BLOODS CONTAINING HEMOCYANIN. 


By ALFRED C. REDFIELD, THOMAS COOLIDGE, anp 
ARCHER L. HURD. 


(From the Laboratories of Physiology, Harvard Medical School, and the 
Marine Biological Laboratory, Woods Hole.*) 


(Received for publication May 6, 1926.) 


Since the classic observations of Bert (1867) and Tredericq 
(1878) called attention to the significance of the copper-protein 
compound, hemocyanin, subsequent investigators have con- 
cerned themselves with two questions of biological importance.! 
What is the general nature of the union whereby hemocyanin 
may function as an oxygen carrier in the blood? Do the hemo- 
cyanins of various groups of animals exhibit specific differences? 
The answer to these questions will give basic facts on which an 
understanding of the physiology of respiration must be built, 
and on which comparative physiology can draw for contributions 
to our doctrines regarding the evolution of organisms and their 
relation to the environment. 

The present paper describes an examination of the general con- 
ditions of equilibrium between oxygen, carbon dioxide, and the 
blood of four species of invertebrates. It appears from this and 
other contemporary work that the hemocyanins, together with 
the hemoglobins, form a considerable group of proteins which 
function in the transport of oxygen and carbon dioxide in a man- 
ner which is the same in principle though distinctive in its quan- 
titative details in different animals. 


* The expenses incurred in this investigation have been defrayed in part 
by a grant from the Henry Strong Denison Medical Foundation for which 
acknowledgement is gratefully made. 

| }ixtensive reviews of the literature on this subject are given by Dhéré 
(1915, 1919) and Quagliariello (1922). 
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I. General Properties of the Material. 


We have examined the blood or serum of the horseshoe crab, 
Limulus polyphemus Linnzus; the squid, Lolzgo pealei Le Sueur; 
a marine gastropod, Busycon canaliculatum Linnweus (Sycotypus) ; 
and the rock crab, Cancer trroratus Say. Certain accessory ob- 
servations have been made on Cancer borealis Stimpson and Cal- 
linectes sapidus Rathbun. 

The blood of Limulus polyphemus has been examined by Lan- 
kester (1884), Gotch and Laws (1884), Howell (1885), Jolyet 
and Viallanes (1895), McGuigan (1907), Van Slyke (1911-12), 
Alsberg and Clark (1910), Alsberg and Clark (1914), and Alsberg 
(1914, 1915). The blood of Loligo pealezi has not been studied 
previously from the respiratory point of view so far as we are 
aware. The blood of Busycon canaliculatum has been studied by 
Mendel and Bradley (1907) who discovered that its respiratory 
pigment contains zinc as well as copper and who gave this sub- 
stance the name hemosycotypin. Howell (1885) has made certain 
observations on the blood of Callinectes sapidus. The material 
which we have employed was obtained as follows. 

Limulus polyphemus.—The serum was obtained by inserting 
a trocar into the body cavity through a joint in the carapace— 
either between the cephalothorax and the abdomen or at the 
attachment of the caudal spine. As much as 200 or 300 cc. of 
blood can be obtained from a single individual. The blood is 
rich in formed elements which produce a heavy agglutinum on 
standing. This was removed by centrifuging or by shaking the 
blood while agglutination was taking place, in order to break the 
clot, and then filtering off the serum. 

Loligo pealet.—-The blood of the squid was obtained by laying 
open the mantle cavity by means of a longitudinal ventral inci- 
sion and inserting a large hypodermic needle into the sinuses. 
As much as 4 cc. can be obtained from a large squid in this way; 
ordinarily 0.5 to 2 ce. is yielded by each individual. It has been 
our custom to mix the blood of ten or a dozen individuals in order 
to obtain enough material for a day’s work. This blood does 
not clot; consequently, no precautions need be taken to remove 
the formed elements, which apparently are not numerous. 

Busycon canaliculatum.—-The blood of this gastropod was ob- 
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tained by cracking open the shell, which was previously cleaned 
and dried, at a point a little more than one revolution behind the 
orifice. This exposed the liver which was ruptured with a blunt 
instrument. The blood, which flows freely from such a wound, 
was caught by placing the animal apex down in a glass funnel. 
It was then freed from fragments of shell, agglutinated cells, ete. 
by filtration. Ordinarily about 10 ec. are yielded by each indi- 
vidual. Our practice was to mix blood from three or four speci- 
mens of Busycon for each day’s work. 

Cancer irroratus, Cancer borealis, and Callinectes sapidus.—-The 
blood of these crabs was obtained by inserting a large hypodermic 
needle between the joints of the legs. This practice avoided the 
possibility of drawing in other body fluids. By utilizing each 
leg in turn 10 ec. of blood could be obtained from a single crab. 
The agglutinum which forms was broken up by shaking the 
blood in a test-tube and the clear fluid poured off. The blood of 
four or five crabs was mixed for each day’s work. 

Ixcept where noted the material was always used on the day 
on which it was collected and was kept on ice during the interim. 

The appearance of the blood is characteristic in each group of 
animals which we have studied. When viewed by transmitted 
light the oxygenated blood of Loligo pealei is of a clear dark blue 
with a very distinct greenish cast. The serum of Limulus poly- 
phemus is similar but the color is a purer blue. The serum of the 
crabs on the other hand is of a dull blue-green strongly inclined 
toward olive. The serum of Busycon is of a distinctly reddish 
purple color. 

When the hemocyanin of these bloods is reduced, as may readily 
be done by bringing them into equilibrium with pure hydrogen 
or nitrogen, the color by transmitted light is pale yellow ocher 
and does not differ noticeably in the case of Limulus, Loligo, 
and Busycon. The reduced serum of the crabs is distinctly pink- 
ish in color. The fact that the Busycon blood is pale yellow when 
reduced deserves particular note as evidence that the purple 
color of the oxygenated serum is characteristic of its oxyhemo- 
cyanin and not due to the presence of another, reddish pigment. 

These observations agree in general with the descriptions of 
the bloods of related European species. Dhéré (1908) noted the 
difference in the color of cephalopod blood, which is blue-green 
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and of the blood of Helix pomata which he described as violet- 
blue. Later Dhéré and Burdel (1913) described specific dif- 
ferences in the absorption spectrum of the hemocyanin of Helix 
when compared with that of crustacea and cephalopods. Our 
observations on the color of crab’s blood are in excellent agree- 
ment with the description of the lobster’s blood by Fredericq 
(1879). The pink coloring of the reduced blood is due to the 
lipochrome, tetronerythrin, described by Halliburton (1885). 

The color of the bloods when viewed with reflected hight differs 
from the color as seen by transmitted hght in proportion to the 
strength of the Tyndall effect. This is slight in the case of Loligo 
and the crabs, but suffices to cause the oxygenated blood to ap- 
pear distinctly bluer by reflected than by transmitted ight. The 
Tyndall effect is much stronger in the case of Limulus, causing 
the oxygenated serum to appear distinctly opaque and of a bright 
blue without any green tint. Busycon blood displays the strong- 
est Tyndall effect of all and appears a bright cobalt-blue by re- 
flected light. The strong Tyndall phenomenon which is dis- 
played by Limulus and Busycon persists in the reduced fluid 
which has a bluish white, milky opacity. 

Lankester (1871) and Jolyet and Regnard (1877) state that 
hemocyanin is fluorescent. The difference in appearance of the 
bloods when viewed by transmitted and reflected light has sug- 
gested that this was the case. We were enabled through the 
kindness of Dr. IE. N. Harvey to examine this possibility. The 
blood of Cancer irroratus and Limulus polyphemus was illuminated 
by ultra-violet light filtered through Wood’s glass. They dis- 
played no more luminosity than any protein solution of like 
concentration would produce. The light reflected from Limulus 
serum was also examined with a Nicol prism. The reflected light 
was found to be polarized, proving it was not of fluorescent origin. 


II. Transport of Oxygen by the Blood. 


Methods.—We have been able to study the equilibrium be- 
tween the blood and oxygen by modifying standard procedure to 
only a minor degree. Equilibration has been carried out in tonom- 
eters of 250 cc. capacity, constructed after the pattern de- 
scribed by Barcroft (1914). These were filled with nitrogen or 
hydrogen to which oxygen and carbon dioxide were added in 
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approximately determined proportions. Between 2 and 4 ce. 
of blood were introduced and equilibrated with the gas mixture 
by rotating the tonometer for at least 15 minutes. Equilibration 
was carried on at room temperature, which fluctuated between 
21 and 24°C. in the course of the season, but did not vary by more 
than 1° during any one experiment. Following equilibration 
a sample of the fluid was removed for analysis and the percent- 
age of oxygen and carbon dioxide in the gas was determined by 
means of the Haldane gas analyzer. The partial pressures of 
these gases was then estimated according to the method de- 
scribed by Bock, Field, and Adair (1924). 

The oxygen content of the sample of fluid was determined by 
means of a Van Slyke apparatus of the “constant volume” type 
with an open manometer tube. Our instrument was modified 
from that described by Van Slyke and Neill (1924) by the incelu- 
sion of a trap below the large bulb similar to that on the original 
Van Slyke analyzer (1917). The bloods of certain of these in- 
vertebrates form very troublesome coagulums on the addition of 
certain reagents, particularly sodium hydroxide, that interfere 
considerably with the precision of the readings. By trapping the 
fluid after the extraction of the gas this difficulty was avoided. 
When this procedure is followed, it is necessary to estimate the 
correction for the added reagents, c, by measuring at each reading 
the height of the column of aqueous fluid in the burette. This 
measurement was facilitated by having a mm. scale etched on 
the neck of the burette from the 0.5 ce. mark downward. The 
magnitude of the c correction, to be subtracted from the measure- 
ment of the pressure difference due to the reabsorption of the 
oxygen, is obtained by multiplying the difference in the height of 


the water column by € — 33) or 0.926, which yields the pres- 


sure due to the mercury displaced less the fraction of this pressure 
which is due to the displacing water. Another minor modifica- 
tion of the apparatus consisted in extending the tube below the 
trap about 80 em. In this way the rubber joint between the 
burette and the manometer tube was brought into a_ position 
such that there was always a pressure greater than 1 atmosphere 
within it and all danger of leakage at this point was eliminated 
without the necessity for a mercury seal or complicating traps. 
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Another advantage of this arrangement is that cleaning fluids 
can be run into the tube to remove the dirt which tends to work 
down from the burette. 

The extraction of oxygen from the blood was accomplished by 
evacuation, after the combined oxygen had been freed from the 
hemocyanin by precipitating the latter in, what we presume to 
be, a denatured condition. For this purpose N,/5 acetic acid, 
saturated with caprylic alcohol, was introduced into the burette 
and freed from dissolved gases. ‘The sample was then run into 
this solution. A finely divided, white precipitate is produced 
from the hemocyanin which appears to give up its oxygen uni- 
formly—at least in the case of Limulus, Busycon and the crabs.? 
The blood of Loligo forms a thick coagulum which not only gums 
up the burette but appears to entrap a variable amount of gas. 
We found we could obtain larger and much more uniform yields 
of oxygen from this blood by using distilled water and caprylic 
alcohol in place of the acetic acid solution. Under these condi- 
tions liberation of oxygen is accomplished by evacuation alone, 
and the success of the method depends on the relatively high 
pressures at which Loligo hemocyanin will give up its oxygen. 
Sodium hydrosulfite and 1 N sodium hydroxide, prepared as de- 
scribed by Van Slyke and Neill, were used for the reabsorption 
of carbon dioxide and oxygen. The tables given by Van Slyke 
and Neill were used in estimating the quantity of oxygen from 
the pressure difference due to its reabsorption. The volume of 
the sample taken was usually 1 cc., the volume of fluid present 
during extraction, S, was 2.5 cc., the constant volume of the gas, 
a, at which the pressures were read was 0.491 cc. 

It was found that duplicate determinations usually checked 
within 0.1 volumes per cent when the total oxygen content was 
about 2.0 volumes per cent, as may be seen from the data in 
Tables I and II. Frequently the agreement was much better 
than this, especially when the oxygen content was much smaller. 


? While this paper has been in press we have very materially improved 
our technique by utilizing the observation of Kobert (1903) that potassium 
cyanide decolorizes oxyhemocyanin. Using 5 per cent potassium cyanide 
in place of acetic acid for the extraction, one can displace the combined 
oxygen from Limulus blood quantitatively. The first four experiments 
in Table II have been done by this method. 
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There was always a tendency, however, for one analysis in every 
eight or ten to depart widely from a value which appeared reasona- 
ble in comparison to the others. Because of the rather large 
percentage error in the gas analysis, it was not deemed necessary 
to control the temperature at which equilibration and analysis 
took place closer than to 1°C. and consequently the Van Slyke 
analyzer was not provided with a water jacket. 


Quantity of Dissolved and Combined Oxygen in the Bloods. 


The blood of invertebrates in general possesses such small 
power to combine with oxygen that the quantity of this gas which 
it will hold in physical solution becomes a factor of much greater 
relative importance than is the case with the vertebrate bloods. 
In spite of this fact we have been unable to discover any measure- 
ments of the solubility of oxygen or other gases in these bloods 
prior to those of Begemann (1924). He, however, modified the 
blood by precipitating the proteins, a procedure which, we believe, 
probably invalidated his results. It is only in the recent work 
of Stedman and Stedman (1925) that this subject has received 
adequate attention. 

The method adopted for determining the solubility of oxygen 
in the blood was essentially that of these authors and consisted 
in comparing the oxygen content at 2 oxygen pressures both of 
which were sufficiently great to saturate the hemocyanin com- 
pletely. The increment in oxygen content (measured in cc. per 
cc. of blood) divided by the increment in oxygen pressure (meas- 
ured in atmospheres) should give the solubility coefficient, a, in 
accordance with Henry’s law. The employment of this method 
is simplified in the case of the bloods containing hemocyanins by 
the fact, which will be demonstrated, that these substances be- 
come saturated at relatively low oxygen pressures. (onse- 
quently it has sufficed to equilibrate the bloods with air and with 
pure oxygen. 
| As a general check on the adequacy of our method and for a 
basis of comparison, we have determined the solubility coefficient 
| of oxygen in distilled water and in sea water. The sea water was | 
obtained direct from the pipes which supply the laboratory 
aquaria. The apparatus and methods employed were exactly 
the same as those used with the bloods, except that the acetic 
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acid reagent was replaced by gas-free distilled water. These 
data are collected in Table I. The values obtained are slightly 
lower than was to be expected from previous work. ‘The measure- 
ments of Bohr (1909) and Fox (1909) indicate that the coefficient 
for distilled water at 22.5°C. is 0.0295. In comparison to this 
our mean value for 22-23°C, is 0.0283, which is 3 per cent too low. 
From Fox’s measurements of the oxygen content of sea water we 
estimate that at a salinity of 18,000 and at 21°C. the solubility 


TABLE I. 
Solubility Coeficient of Oxygen in Water. 

Tempera- Oxygen | Oxygen Solubility 
| ture. tension. content. coefficient. 

me mm. Hg vol. per cent 
Distilled water. | A 22 734 2.87 0.0297 
| 2.52 0.0260 
| B 22 740 2.91 0.0299 
a 23 738 2.72 | 0.0280 
| 0.0280 
Sea water. A 21 157 0.50 0.0242 
0.42 0.0203 
B 21 740 2.23 0.0229 
2.37 0.0243 
2.08 0.0214 
C 21 740 2.28 0.0234 
2.30 0.0236 


coefficient is 0.0255. This again is 10 per cent higher than our 
determination of 0.0229. We must admit from this that our 
figures are subject to an error, which amounts to a loss of about 
3 to 10 per cent of the oxygen present in the sample. However, 
in Table I there is sufficiently good agreement between the various 
measurements to justify their use as a standard of comparison for 
the measurements made upon blood. 

In Table II we have collected our data on the solubility of 
oxygen in the bloods, together with estimations of their oxygen- 
combining capacity. The latter figures are arrived at simply 
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TABLE II. 
Solubility Coefficient and Oxygen Capacity. 
. E - |T -| O Oxy Solubilit Oxy 
ol. 
Limulus polyphemus 7a 22.5 156 2.09 
serum. 156 2.14 
743 3.77 
743 3.78 0.022 1.66 
6 21.9 156 1.91 
156 2.01 
743 3.89 
743 4.10 0.021 1.53 
ae 23.5 | 154 1.55 
| 154 1.56 
| 736 3.24 
| 736 3.21 | 0.022 | 1.10 
17 22.5 155 1.48 | 
| 155 | 1.44 
| 742 3.18 
| 742 | 3.20 | 0.022 1.01 
7 21 159 1.35 
164 1.35 
748 | 2.88 | 0.020 | 0.92 
| | 
| | 
0.92 | 
740 2.59 | 
2.61 | 0.021 | 0.55 
10 | 22 155 (0.74 | 
0.45 | 
0.43 | 
742 2.17 | | 
| 2.18 | | 
| 2.21 | 0.021 | 0.14 
Busycon canalicula- | 6 21 | 153 | 2.18 | ! 
(um serum. | 2.07 | | 
| | 735 3.89 ft 
| | 3.75 | 0.022 | 1.68 ' 


} 
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TABLE U—Concluded. 
. Experi- | Tem -| Oxyge Oxy Solubili Oxy 
esr al. 

mm. Hg per cent 
Cancer irroratus 5 20 156 0.60 
serum. 0.53 
749 2.36 

2.44 | 0.023 0.13 
6 21 155 0.60 
0.68 
740 2.36 

2.26 | 0.022 0.18 
Loligo pealet blood. 13 23 155 3.77 
3.89 
3.85 
740 5.44 
5.52 

(5.01) | 0.021 3.41 


-by subtracting the amount of gas estimated to be dissolved at 
one of the oxygen pressures from the total content at that pres- 
sure. ‘These data show that in practically every case the solu- 
bility of oxygen is less in the blood than it is in sea water. 

The oxygen-combining power of the blood of Limulus is amply 
illustrated by the data in Table IJ. These measurements are of 
particular interest when compared with those of Alsberg and Clark 
(1914). These authors were unable to obtain from this blood 
after equilibration with air yields of more than about 0.5 vol- 
umes per cent of oxygen by extraction with a vacuum, and were 
led to conclude from this that the oxygen of oxyhemocyanin is 
not made available for respiratory purpose by diminished pres- 
sure alone. This conclusion has been made the center of dis- 
cussion and experimentation by a number of authors (Bottazzi, 
1919; Dhéré, 1919; Dhéré and Schneider, 1919, 1920, 1922; and 
Begemann, 1924) none of whom, however, has had the oppor- 
tunity of reexamining the question with Limulus blood. It is 
clear from our data that Limulus serum may yield very much more 
oxygen than can be accounted for by solubility alone. We 
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have observed yields comparable to those obtained by Jolyet 
and Viallanes (1895), who found 2.7 volumes per cent. That 
the presence of this oxygen is determined purely by pressure rela- 
tions which may be considered to be within the physiological 
range will appear from the experiments on the equilibrium between 
oxygen and hemocyanin. In one case (Limulus serum, Experi- 


TABLE III. 
Oxygen Capacity. 


Material ra Tempera-| Oxygen Oxygen Solubility | Oxygen 

No ture. tension. content.  jcoefficient.; capacity. 
ec vol, 

mm. Hg | vol. per cent per cout 


Loligo pealei blood. 22 155 3.93 (4)*| 0.0217 | 3.50 


6 
155 3.97 (2) | 0.02]1+ 3.54 
g 23 155 4.30 (2) | 0.021¢ | 3.87 
10 22 154 4.53 (1) | 0.0217 | 4.10 
13 23 155 3.84 (3) | 0.021 3.41 
Busycon canalicula- 2 22 154 2.10 (3) | 0.022+ | 1.65 
tum serum. 3 23 155 2.82 (1) | 0.022+ | 2.37 
Gin 153 2.13 (2) | 0.022 1.68 
7 21 155 3.35 (1) | 0.022t | 2.90 
Cancer trroralus 1 22 155 1.69 (2) | 0.022¢ 1.24 
serum. 4 23 153 1.23 (1) | 0.022t | 0.7 
5 20 749 2.40 (2) | 0.023 0.13 
6 21 740 2.31 (2) | 0.022 0.18 
Callinectes sapidus 1 22 155 1.29 (1) | 0.022t | 0.84 


serum. 


* Oxygen contents as given are based on the mean of several concordant 
determinations. The figures in parentheses indicate the number of deter- 
minations averaged. 

t Solubility coefficients assumed on basis of determined values for other 
bloods as shown in Table IT. 


ment 10) we obtained a yield of the same order as those given by 
Alsberg and Clark. The great individual variation which these 
bloods show in their oxygen-combining capacity is striking and 
is due, in part at least, to a known factor. Limulus comes into 
shallow water in the early summer to breed and at that time is 
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captured in large numbers and kept in pens and “‘live cars’’ for 
later use in the laboratory. Our earlier experiments were made 
on animals which had been kept ina live car and hence under 
fasting conditions. As time went on it became apparent that the 
oxygen-combining capacity of the blood of these animals was 
getting progressively lower and lower. On resorting to animals 
which had been kept in a large pen built on the natural shore 
bottom, very much greater oxygen capacities were obtained. 
Alsberg (1914) has shown a similar diminution in the quantity 
of hemocyanin in the blood of Limulus during fasting. 

A number of determinations of the oxygen-combining capacity 
of the bloods of Loligo pealei, Busycon canaliculatum, Cancer 
rroratus, and Callinectes supidus is collected in Table III. These 
are of interest in showing that the bloods of these forms combine 
oxygen in quantities very similar to the most closely related 
Iuropean species. 


Equilibrium between Hemocyanin and Oxygen. 


It is only in terms of the conditions under which the blood 
will take on and give up oxygen that it can be considered in rela- 
tion to its function in respiration, and these conditions may be 
on the whole much more important than the absolute quantity 
of oxygen which the blood can carry. From the physiological 
view-point, therefore, the most interesting aspect of our problem 
is the equilibrium between oxygen, hemocyanin, and oxyhemo- 
ecyanin. Furthermore, this equilibrium defines most rigorously 
the conditions which must be met by any physicochemical theory 
of the reaction between oxygen and the respiratory proteins. 
Fredericq (1911) was the first to consider this question, which 
has since been taken up independently and almost simultaneously 
by Begemann (1924), Pantin and Hogben (1925), Stedman and 
Stedman (1925), Hogben (1926), and ourselves. 

In Table IV we have collected data which define this equi- 
librium in the virtual absence of carbon dioxide, in the case of the 
four species which we have studied. Columns 1 and 2 of this 
table give the partial pressures of carbon dioxide and oxygen with 
which the blood had been equilibrated. The indifferent gas 
present in these mixtures was nitrogen, except in those cases in 
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which the oxygen pressure was less than 5 mm., when hydrogen 


was employed. 
itself. 
amount. 


as obtained by direct analyses. 


The carbon dioxide had its source in the blood 
It will be observed that it rarely exceeds 1.0 mm. in 
Column 3 contains the oxygen content of the blood 
In Column 4 we have given es- 


TABLE IV. 
CO» Or 2 Or Os ae Satura- 
pressure. | pressure. | content. | dissolved. tion 
(1) (2) (3) (4) (5) (6) 
mm. Hg | mm. Hg per cent 
Limulus polyphemus.*| Trace 2.00 | 0.03 0.006 | 0.03 1.8 
July 20 0.7 6.58 | 0.47 0.018 | 0.45 27.1 
Temperature 23°C. 0.4 7.56 | 0.56 0.022 | 0.54 32.5 
a = 0.022. 9.35 | 0.59 0.027 | 0.56 33.7 
0.8 13.9 1.18 0.040 1.16 69.9 
19.9 1.39 0.058 1.33 SO. 1 
oon 26.2 1.19 0.076 1.11 66.9 
1.6 48.3 1.80 0.139 1.66 100 
July 21 1.6 3.10 | 0.17 0.007 | 0.16 11.7 
Temperature 23°C.| 0.5 9.30 | 0.64 0.027 | 0.61 44.5 
0.5 15.7 0.96 0.046) 0.91 66.5 
0.3 49.0 1.51 0.142 1.37 100 
0.5 59.) 1.53 0.171 1.36 99.9 
Busycon canalicula- 0.9 6.02 | 0.36 0.018 | 0.35 21.5 
tum. 0.5 6.42 |} 0.38 0.019 | 0.37 32.7 
Aug. 13 0.5 7.98 | 0.64 0.023 | 0.62 38.0 
Temperature 22°C. 0.2 15.3 1.03 0.044 | 0.99 60.7 
a = 0.022. 0.7 23.9 1.20 0.069 1.13 69.4 
0.3 31.8 1.40 0.092 1.31 $0.5 
0.5 35.1 1.71 0.102 1.61 98.8 
0.5 51.7 1.78 0.150 | 1.63 | 100 
0.5 60.8 1.79 0.176 1.61 98.8 
Air. 154 1.96 
es 154 2.28 
154 2.05 
Mean. 2.10 0.458 | 1.63 100 
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TABLE IV—Concluded. 
O» as 
CO2 Ov Ov Satura- 
pressure. | pressure. | content. | dissolved. 
(1) (2) (3) (4) (5) (6) 
vol. l. l. 
mm. Hg min. Hy per cent waned ab anit per cent 
Cancer irroratus. 0.7 1.0 0.02 0.002 | 0.02 2.5 
Aug. 11 0.3 5.66 | 0.24 0.016 | 0.22 27.8 
Temperature 23°C. 0.5 7.88 | 0.24 0.023 | 0.22 27.8 
a = 0.022. 0.3 14.1 0.49 0.041 0.45 57.0 
0.5 19.1 0.71 0.055 | 0.66 83.5 
0.3 29.6 0.82 0.086} 0.74 93.8 
Air 153 1.23 0.44 0.79 100 
Loligo pealez. 0.5 16.0 0.35 0.044 | 0.31 8.0 
Aug. 5 0.4 23.1 0.90 0.064 | 0.84 21.8 
Temperature 23°C. 0.1 23.4 0.85 0.065 | 0.79 20.4 
a = 0.021. Trace. 31.3 1.89 0.086 1.80 46.5 
0.7 43.6 2.85 0.120 2.73 70.5 
0.3 58.6 2.58 0.162 2.42 62.5 
0.7 67.6 3.30 0.187 3.11 80.4 
0.1 80.0 3.75 0.22 3.53 91.2 
Air 155 4.27 
4.33 
Mean. 4.30 0.43 3.87 100 


* The data on Limulus were obtained from the blood of a single animal 
studied on 2 successive days and kept during the interim on ice. It may be 
observed that the oxygen capacity of this blood decreased overnight. 
Nevertheless the percentages of oxyhemocyanin as estimated from the 
measurements on these successive days fall on the same curve (Fig. 1). 


timations of the quantity of oxygen dissolved in each sample of 
blood. These were made by assuming that the oxygen solubility 
coefficients given in Table II would apply to the specimens of 
blood under consideration. Column 5 contains the quantities of 
oxygen estimated to be in chemical combination with the respira- 
tory proteins of the blood, and was obtained by subtracting the 
numbers in Column 4 from those in Column 3. Column 6 gives 
the quantity of oxyhemocyanin present estimated as a percentage 
of the total hemocyanin present. In making this estimation it 
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was assumed that all of the hemocyanin was in the oxygenated 
form when the blood was in equilibrium with atmospheric air; 
an assumption amply justified by the high degree of saturation 
which is obtained at much lower oxygen tensions. The relation 
between oxygen pressure and the percentage of oxyhemocyanin 
is shown graphically also in Figs. 1 to 4. 

In considering these data the following points may be made: 

1. The oxygen content of the blood depends upon the partial 
pressure of oxygen in the atmosphere with which the blood is in 
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Fic. 1. Oxygen dissociation curve of serum of Limulus polyphemus in 
the virtual absence of carbon dioxide. July 20 and 21, 1925. Temperature 
23°C. Oxygen pressure measured in mm. of Hg along the abscissa; oxy- 
hemocyanin, expressed as a per cent of the total hemocyanin, measured 
along the ordinate. 


equilibrium. The blood will give up practically all its dissociable 
oxygen to an atmosphere free from this gas. This fact has been 
demonstrated in part by Begemann (1924) in the case of the snail, 
Helix pomata, and by Stedman and Stedman (1925) for a number 
of crustaceans; but none of these workers gives data for very low 
degrees of saturation of the hemocyanin. 

2. The oxygen dissociation curves in the four cases are alike 
in that they all present the S-shape and the tendency to approach 
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complete saturation characteristic of bloods containing hemo- 
globin. In this respect our observations differ from those of 
Begemann (1924), who finds in //elix pomata a curve quite unlike 
the hemoglobin dissociation curve. 

3. The curves differ among themselves in two respects. It 
appears that the blood of Loligo has a weaker affinity for oxygen 
than has that of the other three forms. The blood of Loligo is 
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Fic. 2. Oxygen dissociation curves of serum of Busycon canaliculatum. 
A, in the virtual absence of carbon dioxide. August 13, 1925. Temperature 
22°C. B, in the presence of about 13.5 mm. of carbon dioxide pressure. 
August 17, 1925. Temperature 23°C. C, in the presence of 19.6 mm. of 
carbon dioxide pressure. August 17, 1925. ‘Temperature 23°C. Oxygen 
pressure measured in mm. of Hg along the abscissa; oxyhemocyanin 
expressed as aper cent of the total hemocyanin measured along the ordinate. 


half saturated with oxygen at 36 mm. partial pressure, whereas 
half saturation oceurs at about 10.6 mm. in the case of Limulus, 
at 12.2 mm. in Busycon, and at 11.6 mm. in Cancer trroratus. 

The other difference in these curves is in regard to the develop- 
ment of the S-shape. It is clear that Limulus and Busycon are 
alike in having this character slightly developed as compared 
with Cancer irroratus and Loligo. 

In this connection the findings of Stedman and Stedman are of 
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interest. These authors have studied the oxygen equilibrium 
in the blood of four kinds of crustaceans. They find the same 
curve describes the condition in all four species and infer from 
this that the hemocyanin is identical in each case. In Fig. 4 we 
have plotted their data along with our own measurements made 
on Cancer irroratus. The agreement is excellent and is very 
gratifying when it is considered that we were in entire ignorance 
of their work at the time our measurements were made. (‘ertain 
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lic. 3. Oxygen dissociation curves of the blood of Loligo pealet. A, in 
the virtual absence of carbon dioxide. August 5, 1925. Temperature 
23°C. Band C, in the presence of pressures of carbon dioxide indicated by 
the small figures inserted beside the points. August 8, 1925. Temperature 
22°C. Oxygen pressure measured in mm. of Hg along the abscissa; oxyhem- 
ocyanin, expressed as a per cent of the total hemocyanin, measured along 
the ordinate. 


observations which we have made on the blood of two other 
species of crab, Cancer borealis and Callinectes sapidus, indicate 
that in these forms also the general position of the oxygen dis- 
sociation curve, as expressed by the tension of half saturation, 
agrees with their findings. 

The characteristics of the dissociation curves of blood con- 
taining hemoglobin can be deseribed, at least approximately, in 
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terms of a mathematical theory proposed by Hill (1910). It is 
of interest to inquire whether the properties of the hemocyanins 
resemble those of hemoglobin closely enough to enable the same 
equations to apply. According to Hill’s theory the equilibrium 
between hemoglobin, oxyhemoglobin, and oxygen is expressed 


by the equation 
Kz" 


100 1+ 


where y is the percentage saturation of the respiratory pigment 
with oxygen, and z the tension of the latter in the solution. We 
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Fig. 4. Oxygen dissociation curve of Cancer trroratus in the virtual 
absence of carbon dioxide. August 11, 1925. Temperature 23°C. The data 
of Stedman and Stedman (1925) for four other species of crustaceans are 
included for comparison. Oxygen pressure measured in mm. of Hg along 
the abscissa; oxyhemocyanin, expressed as a per cent of the total hemo- 
cyanin, measured along the ordinate. 


have determined the values of the constants, n and K, which give 
curves best fitting our data.’ These constants are: 


n K 


t 
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The curves drawn through the data in Figs. 1 to 4 are based 
on the employment of these constants in Hill’s equation. In 
general it may be said that these curves satisfy the data as well 
as any which might be drawn, and in this sense the equation of Hill 
is adequate. The constants express in precise numerical form 
the characteristic differences in the bloods. It is scarcely neces- 
sary to point out that the data are not as precise as is desirable 
for this type of analysis, and that they cannot be taken to repre- 
sent a critical test of the Hill theory. The use of Hill’s equation 
is of value merely as a means of emphasizing the similarity in the 
form of the dissociation curves of hemocyanin and of hemoglobin. 


Effect of Carbon Dioxide on the Oxygen-Hemocyanin Equilibrium. 


In the preliminary communication of Redfield and Hurd (1925) 
it was pointed out that the presence of carbon dioxide affected 
the equilibrium between oxygen and hemocyanin in Limulus in 
a sense opposite to that characteristic of Loligo. The latter 
behaved as does vertebrate blood in which it is well known that 
increasing carbon dioxide tensions diminish the affinity of hemo- 
globin for oxygen (Bohr, Hasselbalch, and Krogh, 1904). The 
condition in Limulus was unique, although Rona and YIpp%5 
(1916) had suggested that hemoglobin behaves in this way in 
acid solutions, and their ideas have been confirmed during the 
last year by experiments conducted by Miss Arda Green in these 
laboratories. The observations on Limulus were made by a 
colorimetric method and were open to the criticism that the 
relation between the color of the blood and its oxygen content 
was largely a matter of assumption. We have consequently been 
at great pains to repeat and extend these experiments using the 
gasometric method of analysis. 

Table V contains the results of several experiments made upon 
the blood of Limulus and Busycon. Serum from each animal 
was equilibrated with approximately the same partial pressure 
of oxygen, in the one case in the virtual absence of carbon diox- 
ide, in the other case in the presence of a considerable quantity 
of this gas. In the experiments on Limulus blood it is clear that 
the presence of carbon dioxide has increased the quantity of oxy- 
gen with which the blood will combine. The Busycon blood 
demonstrates this phenomenon even more strongly and with the 
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TABLE V. 


| 


COs» 
pressure. pressure. content, 
mm. Hg mm. Hg 
Limulus polyphemus. 0.3 6.98 | 0.22 
July 17 0.3 6.98 0.60 
Temperature 24°C, Trace. 6.81) 0.41 
a = 0.015. e 6.81 | 0.32 
33.1 7.93 | 0.62 
33.1 7.93 0.64 
Limulus polyphemus. 0.4 6.1 0.84 
July 29 0.3 8.22 | 0.85 
Temperature 23°C. 
a = 0.015. 39.8 6.58 1.11 
66.2 6.07 | 0.99 
Limulus polyphemus. 0.5 7.98 | (0.72) 
Aug. 3 0.5 8.06 | 0.36 
Temperature 23°C. 0.3 8.05 | 0.24 
a = 0.015. 0.7 $.00 0.34 
68.0 6.37 | 0.69 
56.7 6.52, 0.49 
110.5 6.29 0.62 
Busycon canaliculatum. 0.7 7.9 0.75 
Aug. 25 7.0 6.8 1.56 
Temperature 21°C. 4.6 8.2 2.11 
a = 0.022. 
Busycon canaliculatum. 0.7 6.58 0.51 
Aug. 17 13.78 6.76 | 1.72 
Temperature 23°C. 19.6 3.6 1.85 


a = 0.022. 


addition of smaller quantities of carbon dioxide. 


In addition to 
the data which are shown in Table IV, obtained with Busycon 


ad 
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on August 17, we made several other measurements in the presence 
of about 13.5 mm. carbon dioxide pressure. ‘These have enabled 
us to construct the oxygen dissociation curve for this carbon diox- 
ide pressure, which is shown in Fig. 2 in comparison with the curve 
made in the virtual absence of carbon dioxide. 

The effect of carbon dioxide on the oxygen-hemocyanin equilib- 
rium in Loligo is shown most unequivocally by the data in Fig. #3. 
Not only does the addition of carbon dioxide diminish the affinity 
of this blood for oxygen, thus shifting the curves to the right, 
but it does so in a degree unequalled in any other blood concern- 
ing which we have knowledge. An examination of these curves 
makes it clear why squid blood becomes colorless when shaken 
with alveolar air. We have observed that 6 per cent of carbon 
dioxide will decolorize this blood even in the presence of an at- 
mosphere of oxygen. Loligo blood is well buffered at low carbon 
dioxide tensions, as we shall show. The magnitude of the carbon 
dioxide effect consequently cannot be attributed to any excep- 
tional action of carbonic acid in changing the hydrogen ion con- 
centration of the blood. Rather it must be due to a characteristic 
property of the Loliyo hemocyanin itself. 

The curves drawn through the points in Fig. 3, representing 
the effect of carbon dioxide, have been constructed from Hill’s 
equation. In order to obtain a satisfactory fit it is necessary to 
take n = 4.2. 

We have not measured the effect of carbon dioxide on the 
oxygen dissociation curve in Cancer irroratus. Certain rough 
experiments have shown that at a given oxygen tension this 
blood is paler in the presence of carbon dioxide than in its absence. 
We infer from this that its behavior is similar to Loligo blood and 
to hemoglobin.’ 

These observations on the reversal of the so called Bohr effect 
in Limulus and Busycon explain certain discrepancies of the older 
observations on the decolorization of hemocyanin by means of 
carbonic acid. In using this substance as an “‘indifferent” gas to 


> Recently Hogben (1926) has shown that the affinity of the hemocyanin 
of two crustaceans passes through a minimum as the blood is rendered 
more acid. On the alkaline side of this point its behavior is analagous 
to that of Loligo blood: on the acid side it is similar to Limulus and 
Busycon blood. 
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‘wash out oxygen, Rabuteau and Papillon (1873) and Frederieq 
(1878) succeeded in decolorizing Octopus blood. Howell (1885) 
had a similar success with crab blood, but was unable to decol- 
orize Limulus blood by this method. Cotch and Laws (1884) 
and Alsberg (1915) had the same experience with Limulus blood. 
It is clear now that this difficulty was the inevitable result of 
the tendency of carbon dioxide to increase the affinity of the 
hemocyanin for oxygen in the case of Limulus, and that success 
could not have been hoped for unless the carbon dioxide was 
carefully freed from every trace of oxygen. 


Relation of the Color of the Blood to Its Oxygen Content. 


The color of blood containing hemocyanin has repeatedly 
been taken as an indication of the degree of oxygenation of this 
protein. I redericq (1911) first suggested that the color change 
might be made the basis for constructing oxygen dissociation 
curves and the method has been employed by Redfield and Hurd 
(1925) and Pantin and Hogben (1925). However, we have been 
unable to find in the literature a single measurement to prove that 
decolorized blood contains less oxygen than fully colored blood, 
not to mention a demonstration of proportionality between the 
depth of color and the degree of saturation of the hemocyanin. 
It was for this reason that we were dissatisfied with our earlier 
work and have resorted to the gasometric method. We have 
measured the percentage saturation of Limulus blood over the 
entire range of the dissociation curve simultaneously by the 
gasometric method and the colorimetric technique of Pantin and 
Hogben (1925) and have found them to agree within the accuracy 
claimed for these methods. It should be possible to develop a 
very accurate colorimetric method for studying the equilibria 
between the hemocyanins and oxygen. Such a method would have 
the advantage of requiring no correction for dissolved oxygen. 


ITI. Transport of Carbon Dioxide in the Bloods. 


The carriage of carbon dioxide by the blood is effected largely 
by the same proteins which transport oxygen. This is true not 
only of hemoglobin but has been shown by Parsons and Parsons 
(1923) to be in all probability the case in invertebrate bloods 
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which contain hemocyanin. This fact, in addition to the inter- 
esting relation between carbon dioxide content and oxygen 
carriage discussed in the preceding section, has made it desirable 
to examine the equilibria between carbon dioxide and the blood 
in the forms in which that relationship has béen studied. The 
work of Parsons and Parsons and that of Collip (1920) appear 
to be the only previous extensive studies of the transport of car- 
bon dioxide by the blood of invertebrates. 
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lic. 5. Carbon dioxide dissociation curves. .A, Busycon canaliculatum 
oxygenated serum. August 19, 1925. Temperature 24°C. B, Loligo pealei 
reduced blood. August 12, 1925. Temperature 23°C. (, Limulus poly- 
phemus oxygenated serum. July 26, 1924. Temperature 22°C. Carbon 
dioxide pressure measured in mm. of Hg along the abscissa; content in 
volumes per cent along the ordinate. 


The technique employed in the analysis of the carbon dioxide 
content of the blood did not differ materially from that recom- 
mended by Van Slyke and Neill (1924), except for the general 
modifications which we have described in connection with the 
oxygen analyses. The volume of the gas was measured at a 
constant volume of 1.99 cc. Lactic acid was used for liberating 
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the carbon dioxide from the blood. The data for the Limulus 
earbon dioxide dissociation curve were obtained at an earlier 
period by means of the constant pressure analyzer described by 
Van Slyke and Stadie (1921). In the experiments on Limulus 
and Busycon, carbon dioxide was mixed in varying proportion 
with air. The curves, therefore, represent the equilibria in 
oxygenated sera. In the case of Loligo, on the other hand, this 
practice could not be employed because of the great effect of 
carbon dioxide in turning out oxygen from its combination with 
hemocyanin. At the higher carbon dioxide pressures the blood 
would not have remained fully oxygenated even had pure oxygen 
been employed. The experiment was consequently made on 
reduced blood by employing mixtures of carbon dioxide and 
nitrogen. 

The results of experiments on the blood or sera of Limulus, 
Loligo, and Busycon are shown in Tig. 5. The total content of 
carbon dioxide as obtained by extraction is plotted against the 
the partial pressure of this gas with which the fluid had been 
equilibrated, and through these points smoothed curves have 
been drawn. Concerning the general properties of these bloods 
the following points may be made: 

1. They can combine with very much larger quantities of 
carbon dioxide than does sea water. 

2. At low carbon dioxide pressures the bloods give off the com- 
bined carbon dioxide almost completely. This fact indicates 
that there are present in the bloods other weak acids capable of 
uniting with the base set free as the carbonic acid is liberated. 
Parsons and Parsons have pointed out that this effect is charac- 
teristic of those bloods which are rich in hemocyanin—as it Is 
also of bloods containing hemoglobin—and suggest that these 
blood proteins act as weak acids. 

3. The curves rise steeply through the lower range of carbon 
cioxide pressures and then flatten out. This means that at 
these lower pressures the blood is excellently buffered. At the 
higher pressures of carbon dioxide very little carbonie acid is 
taken into chemical combination in spite of large changes of car- 
bon dioxide pressure. This means that the capacity of the buf- 
fer substances to give up base to the carbonic acid is nearly ex- 


hausted. 
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The foregoing points are simply in confirmation of the conelu- 
sions which Parsons and Parsons reached from the study of a 
different group of organisms. Certain interesting relationships 
between oxygen capacity and the general magnitudes of the car- 
bon dioxide-combining power in the several species also appear. 
We have seen that the oxygen capacity of the sera of Limulus 
varies greatly from individual to individual. In the same way 
the carbon dioxide-combining power also varies and the curve 
shown in Fig. 5 cannot be taken as typical, but represents the 
condition in an anemic individual. Measurements made on the 
sera of animals taken from the pen with a natural sea bottom in- 
dicate curves intermediate in position between those of Busycon 
and Loligo. The curves representing the conditions in Loligo and 
Busycon were obtained by mixing the blood of a number of ani- 
mals. For this reason individual differences tend to disappear 
and we have satisfied ourselves that there is very little fluetua- 
tion in the curves obtained from different collections of this sort. 
Consequently these curves may be taken as typical. When we 
compare the carbon dioxide dissociation curves of Busycon and 
Loligo it is clear that at any given pressure of carbon dioxide the 
former combines with approximately twice as much carbonic 
acid as does the latter. On the other hand the data in Tables 
II and III make it clear that Loligo blood has a higher oxygen- 
combining capacity than has that of Busycon. More than one 
interpretation may be put upon these facts. Busycon blood 
may contain buffer substances in addition to hemocyanin, which 
give it its high carbon dioxide-combining power when compared 
with Loligo. If this is not the case, or if the quantity of such 
substances is inadequate to account for the difference, then one 
must conclude that the specific hemocyanins of Busycon and 
Loligo differ in their relative abilities to combine with oxygen 
and with the bases used in the transport of carbon dioxide. In 
this connection it may be pointed out that Fredericq (1878) and 
Alsberg and Clark (1910) consider that in Octopus and Limulus 
hemocyanin is the only protein present in the serum. Neverthe- 
less, a decision regarding these possibilities cannot be made 
without further analytical experiments. It is interesting to 
compare Busycon blood with that of the mammal in the same 
respect. This blood is only slightly inferior to that of man in 
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its ability to transport carbon dioxide. Its oxygen-combining 
power on the other hand is only one-eighth or one-tenth as great. 
Pantin and Hogben (1925) have noted that the blood of //elix 
aspersa 1s much more highly buffered than that of the various 
invertebrates studied by Parsons and Parsons, so that we are 
inclined to suspect that this may be a general characteristic of 
gastropod blood. 


Effect of Oxygenation and Reduction of Hemocyanin on Its 
Power to Transport Carbon Dioxide. 


Following the discovery by Christiansen, Douglas, and Haldane 
(1914) that oxygenation of human blood reduced its ability to 
transport carbon dioxide, it was pointed out by Henderson (1920) 
that this result followed as a physical necessity from the fact that 
carbon dioxide reduces the tendency of hemoglobin and oxygen 
to combine. Our observations that carbon dioxide affects the 
oxygen dissociation curve of Loligo blood in a manner similar 
to that described by Bohr, Hasselbalch, and Krogh (1904), and 
that the effect in Limulus and Busycon blood is reversed, have 
made it desirable to repeat the experiment of Christiansen, Doug- 
Jas and Haldane with these bloods; and particularly to test 
whether the relation between the curves of oxygenated and re- 
duced hemocyanin is also reversed in the latter species. 

Measurements were made of the carbon dioxide content of 
reduced Loligo blood after equilibrating it with various pres- 
sures of carbon dioxide made up in hydrogen. ‘The carbon di- 
oxide-combining power of oxygenated blood was examined by 
equilibrating it with carbon dioxide mixed with oxygen. It was 
important to use oxygen instead of air for this purpose because 
of the tendency of carbon dioxide to lower the affinity of this 
blood for oxygen. The oxygenation and reduction of the blood 
was also checked by observations on its color. The result of 
such an experiment is shown in Fig. 6, which indicates that the 
reduced blood of Loligo will combine with slightly more carbon 
dioxide than will oxygenated blood. This is the effect which 
was to be expected from analogy with hemoglobin. A similar 
effect of oxygenation and reduction upon the carbon dioxide 
dissociation curve of Octopus macropus was demonstrated by 
Parsons and Parsons (1923). 
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Fic. 6. Carbon dioxide content of blood of Loligo pealet in the oxygen- 
ated and reduced condition. August 14, 1925. Temperature 23°C, Car- 
bon dioxide pressure measured in mm. of Hg along the abscissa; content in 
volumes per cent along the ordinate. 
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ia. 7. Carbon dioxide content of blood of Busycon canaliculatum in 
the oxygenated and reduced condition. August 20, 1925. Temperature 
24°C. Carbon dioxide pressure measured in mm. of Hg along the abscissa; 
content in volumes per cent along the ordinate. 
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Turning to those bloods in which the Bohr effect is reversed we 
centered our attention upon the condition in Busycon because a 
few observations on Limulus sera failed to show any difference 
between the carbon dioxide-combining power of oxygenated and 
reduced blood. It seemed desirable to work with that form in 
which the reversed Bohr effect was more marked. In working 
with Busycon it was necessary to take every precaution to see 
that the reduced blood was really reduced, since in the presence 
of carbon dioxide very small pressures of oxygen will suffice 
for the formation of oxyhemocyanin. ‘This was done by trans- 
ferring the blood through several tonometers of hydrogen and 
carbon dioxide until it appeared fully decolorized when compared 
with a sample reduced by the addition of sodium hydrosulfite. 
lig. 7 illustrates the result of such an experiment which leaves 
little doubt that the oxygenated glood of Busycon will combine 
with slightly more carbon dioxide than will the reduced blood 
under comparable conditions. This is the result to be predicted 
on the basis of the reversal of the Bohr effect in the oxygen dis- 
sociation curves. 


DISCUSSION. 


The experiments which we have described leave no doubt 
that the conditions of equilibrium between hemocyanin, oxygen, 
and carbon dioxide are governed by the same general principles 
as obtain in the case of hemoglobin. This is shown not only by 
the shape of the oxygen and carbon dioxide dissociation curves, 
but also by the peculiar interaction of oxygen and carbon dioxide 
in this equilibrium. The early prediction of Fredericq is thus 
abundantly confirmed. Also the evidence seems strong that the 
hemocyanins of groups of animals as remotely related as those 
which we have examined are distinctive chemical species. This 
is shown by differences in color, in the Tyndall effect, in the 
mathematical characteristics of the oxygen dissociation curves, 
in the distinctive way in which these curves are affected by car- 
bon dioxide, and in the relative abilities of the bloods to trans- 
port oxygen and carbon dioxide. It is true that the present data 
are not perfectly satisfactory for this conclusion, because the 
hemocyanins are studied in their native bloods rather than in a 
known and controlled chemical environment. Certain of the 


| 

) 


Redfield, Coolidge, and Hurd 503 


differences are sufficiently great, however, to give confidence, 
at least tentatively, in this result.4 When these facts are taken 
in connection with the conclusion of Stedman and Stedman 
(1925) that the hemoecyanins of the crustacea are identical, it 
becomes clear that the variations in the chemical nature of the | 
respiratory pigments may have a phylogenetic significance, which | 
should reveal itself as soon as a sufficient number of these sub- 
stances have been adequately characterized. : 

The most important inference to be drawn at once from these 
studies is that hemoglobin is not a unique substance, or group of 
substances, but that there exists in the animal kingdom a very 
large series of proteins compounded with iron, copper, zine, and 
perhaps other heavy metals which function in the transport of 
the respiratory gases in accordance with the same physicochemi- 
eal principles. ‘There is thus opened up a much larger choice of 
material for the study of these principles. At the same time any 
general ideas which may be developed in this connection can be 
put to a more critical test, for they must be adequate to describe 
the phenomena exhibited by the entire class of respiratory pro- 
teins. 

Turning from these general biological and chemical aspects 
of the matter to the more strictly physiological problem of the 
functioning of hemocyanin in the blood, it is desirable to state 
clearly in what ways the presence of hemocyanin. or hemoglobin 
in the blood may be expected to influence the respiratory con- 
ditions. Concerning the transport of carbon dioxide, little need 
be said. Weak acids, such as these substances appear to be, will 
act as buffers enabling a maximal increase in the carbonic acid 
concentration of the blood to be accompanied by a minimum 
change in the hydrogen ion concentration. Parsons and Parsons 


4 Pantin and Hogben (1925) question the conclusion of Redfield and Hurd 
(1925) that the hemocyanins of Limulus and Loligo are specifically different 
substances. They base their skepticism on the very just criticism that the 
dissociation curves may be shifted in their position by alterations in the 
hydrogen ion concentration. They, however, ignore completely the de- 
monstration that these curves are affected in an opposite sense by the 
addition of carbonicacid. Their own observations on the different influence 
of hydrogen ion concentration on the oxygen dissociation curves of Pali- 
nurus and of Helix appear to us to be excellent evidence in support of our 
view. 
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(1923) have pointed out that the properties of hemocyanin are 
such that invertebrate bloods function excellently as buffers at 
the low carbon dioxide tensions to be expected in animals living 
in the sea. The problem of the transport of oxygen is in certain 
ways less simple, and, to our mind, has not always been considered 
in its more important aspect. I¢mphasis has usually been placed 
on the quantity of oxygen carried by the blood, rather than on 
the pressures at which it is held in the blood by the hemocyanin. 
It is the pressure of oxygen, however, which determines the 
rate at which this substance passes the gills and diffuses into the 
tissues; its quantity in the blood is significant only in that it acts 
as a capacity factor in holding up the pressure as the process of 
diffusion takes place. In this connection we would point out a 
certain parallelism between the action of the oxygen-binding pig- 
ments such as hemocyanin and hemoglobin and that of buffer 
substances in stabilizing conditions within the organism. ‘These 
proteins enable large changes in the oxygen content of the blood 
to occur in the presence of small changes in oxygen tension. 
Clark (1923) has pointed out that oxidizing and reducing agents 
exert a similar stabilizing effect on the oxidation-reduction poten- 
tial of solutions and has called this poising action. In the case 
of the blood the point of maximal stabilizing effect may be indi- 
cated, at least approximately, by the tension at which the respira- 
tory protein is half saturated with oxygen. This point has been 
named by Krogh and Leitch (1919) the “tension of unloading.” 
In functioning, the blood of invertebrates will only give up 
that fraction of oxygen which is transported by the hemocyanin 
if the oxygen pressure within the blood has fallen to a value ap- 
proximating the tension of half saturation. In certain forms such 
as Planorbis (Leitch, 1916) and Lumbricus (Jordan and Schwarz, 
1920) the tension of oxygen appears to be so high normally that 
the respiratory protein is completely saturated at all times and in 
these animals the hemoglobin has ceased to function in the trans- 
port of oxygen. ‘This is not the case, however, in the bloods we 
have studied, for in them the hemocyanin is always somewhat 
decolorized when drawn. If we are to consider the respiratory 
function of the hemocyanins it must be in terms of the tensions 
of oxygen at which they are able to take on and give up this gas. 
From the foregoing point of view the value of hemocyanin in 
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the quantitative transport of oxygen becomes clear. Previous 
writers have contented themselves with comparing the quantity 
of oxygen held in blood equilibrated with atmospheric air with the 
quantity dissolved in sea water under similar conditions, and have 
judged of the value of hemocyanin in terms of the differences they 
have observed. ‘These conditions have little to do with those 
under which hemocyanin may be expected to function. What 
is needed is to compare the oxygen combined with the hemocya- 
nin with the quantity dissolved in the blood at tensions which 
nearly suffice to saturate this pigment. ‘These are comparatively 
low tensions and in consequence the advantage due to the hemo- 
cyanin appears greater. An examination of Table IV will show 
that when Limulus hemocyanin was 80.1 per cent saturated, the 
blood combined 1.33 volumes per cent of oxygen, while only 
0.058 volumes per cent was in solution. Busycon blood, 80.5 
per cent saturated, combined 1.31 volumes per cent while 0.092 
volumes per cent was dissolved. Loligo blood, when 80.4 per 
cent saturated, held 3.11 volumes per cent as oxyhemocyanin 
while only 0.187 volumes per cent was in solution. It is apparent 
that these animals gain a very real advantage from the presence 
of their respiratory proteins. 


Tension of Unloading in Relation to the Habitat. 


Krogh and Leitch (1919) have shown that the tension of half- 
saturation of the hemoglobin in the blood of a considerable 
variety of fishes is related to the conditions under which the 
various species normally live. We believe that the blood of the 
invertebrates which we have studied affords a similar example 
of a relation between the physical properties of the blood and the 
habits and habitats of animals. 

These organisms are marine, and as Krogh and Leitch point 
out, in sea water oxygen is practically always present in abun- 
dance. Limulus, however, is a bottom form much given to half 
burying itself in the mud or sand, at least during those periods 
when it comes into shallow water to breed. In this manner it 
readily withstands being left high and dry over a low tide, being 
protected from drying by its dome-shaped leathery shell which 
is the only part exposed. This protection must be equally eff- 
cacious in preventing renewal of the oxygen in the water sur- 
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rounding the gills. Under these circumstances the horseshoe crab 
must be exposed to a condition of very low oxygen pressure. Simi- 
lar conditions must arise whenever Busycon draws itself into its 
shell. The case of the crabs is not quite so clear. The low ten- 
sions at which hemocyanin associates itself with oxygen must 
enable these animals to utilize the oxygen trapped in the gills 
down to the last increments. The blood may become, as it were, 
a vacuum system capable of extracting this gas from the sea 
water to a superb degree (cf. Alsberg and Clark, 1914). Bar- 
croft and Barcroft (1924) have also found a very low tension of 
half saturation (2 mm.) in the blood of Arenicola, a marine an- 
nelid which lives buried in the sand of flats which are exposed at 
low tide. In contrast to these forms the squid is an organism 
living in the surface waters of the sea, a free swimming, pelagic 
animal. The water within the mantle must have an oxygen 
tension between 100 and 150 mm. and is practically free from 
carbon dioxide—conditions which should lead to a very high 
degree of saturation of the blood in the gills in spite of the rela- 
tively high tensions necessary for it to combine with oxygen. 

Furthermore, the nature of the activities of these animals may 
be related to the oxygen dissociation curves of their bloods. ‘The 
rate at which oxygen will pass from the blood into the tissues de- 
pends, among other factors, on the difference in oxygen pressure 
in these two situations. Other things being equal, an organism 
with a high oxygen tension in its blood will be capable of greater 
metabolic activity than one with a low oxygen tension. The 
greater the activity of an organism the more necessary it becomes 
to maintain the tension of oxygen in the blood at a high level. 
The squid may be considered to be one of the most active marine 
invertebrates and may well need the high oxygen pressure pro- 
vided by the characteristics of its hemocyanin in order to supply 
its muscles adequately during this activity. If it had the blood 
of Limulus, Busycon, or Cancer in its vessels there might be an 
adequate quantity of oxygen in circulation, but it would be avail- 
able only at pressures so low that the rate of diffusion from blood 
to tissue would be inadequate. The latter animals, on the other 
hand, are not given to very vigorous activity and for this purpose 
their blood appears well adapted. 

It follows as a corollary of the foregoing considerations that 
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the tissues of Limulus, Busycon, and Cancer must be capable of 
utilizing oxygen when supplied at very low pressure. From the 
color of the blood which may be drawn from these animals when 
removed from the sea water, we judge that the normal oxygen 
pressure within the animal is less than that required to saturate 
the hemocyanin. The oxygen must normally be utilized down to 
pressures of 5to 10 mm. In connection with this prediction it is 
of great interest to find that Newman (1906) has studied the 
respiration of the heart of Limulus. He found that “the heart 
ganglion is comparatively indifferent to lack of oxygen, retaining 
its activity unimpaired when deprived of oxygen for several hours.” 
We are unaware of comparable data for the squid but it 1s per- 
tinent to recall that the heart of the turtle—an animal with a 
tension of half saturation comparable to that of human blood 
(Southworth and Redfield, 1926)—is very rapidly exhausted if 
suspended in an oxygen-free solution (Martin, 1906). Squids 
are notoriously difficult to keep in aquaria. When brought into 
the laboratory tanks they rarely survive several days, while the 
briefest removal from the aerated sea water results in their death. 
These facts are in accord with the supposition that the squid is 
adapted to utilize oxygen only when it is supplied by the blood 
at considerable pressures, such as may be inferred to obtain from 
the position of the oxygen dissociation curve. Contrasted with 
this, Limulus is a most hardy form capable of being kept for long 
periods out of water or of surviving very extensive hemorrhages. 
Krogh and Leitch draw a similar comparison between the hardi- 
ness of fresh water fishes and the difficulty of maintaining marine 
forms in artificial aquaria. 


SUMMARY. 


The conditions of equilibrium between oxygen, carbon dioxide, 
hemocyanin, and oxyhemocyanin have been studied in the blood 
of representatives of four classes of invertebrate animals. 

It is shown that the properties of the hemocyanin of each 
of these species are distinctive, but that all of these proteins 
function in the transport of oxygen and carbon dioxide according 
to the same physicochemical principles as obtained in the case 
of hemoglobin. 


508 Hemocyanin 


The reciprocal relation between oxygen and carbon dioxide 
(the Bohr effect) is reversed in the case of certain bloods contain- 
ing hemocyanin. 

The physiological bearing of these data is discussed. 
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PRESERVATION OF VITAMIN C IN DRIED ORANGE 
JUICE. 


By GERTRUDE J. HUMPHREY. 


(From the Laboratory of Physiological Chemistry, University of Minnesota, 
Minneapolis.) 


(Received for publication, June 18, 1926.) 


The following experiment was carried out to determine whether 
vitamin C in some dried orange juice-sugar mixture, which had 
been kept under partial vacuum for over 5 years, was still effective 
in preventing scurvy. Sugar had been added to the orange juice 
to make it 25 per cent solids. It was then dried in the apparatus 
described by MecClendon.! 

Three guinea pigs, 3 weeks old at the time the experiment was 
begun (of the same age and nearly the same weight), were placed 
on a basie diet of 65 per cent ground wheat, 32 per cent whole 
milk powder (dried by spray method and containing no vitamin 
('), 2 per cent calcium carbonate, and 1 per cent sodium chloride. 
The control (No. 1) was fed entirely on this diet. Another guinea 
pig (No. 2) was given in addition to the basic diet, 1 ce. of fresh 
orange juice daily. <A third guinea pig (No. 3) was given the basic 
diet plus 0.25 gm. of the dried orange juice-sugar mixture (equiva- 
lent to 1 ee. of orange juice) dissolved in water. The feeding was 
continued through a period of 82 days. 


Body weight. 
Time. 
Guinea-pig 1. Guinea-pig 2. Guinea-pig 3. 

days gm. qm. gm. 

0 250 243 271 

8 269 273 292 

15 221 304 330 

22 186 329 379 

29 169 345 385 

32 147 348 371 


1 McClendon, J. F., J. Biol. Chem., 1921, xvii, 411. 
oll 
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On the 32nd day the guinea pigs were killed with chloroform 
and examined by dissection. The control which toward the end 
of the experiment had shown evidences of pain and weakness in 
the joints and seemed sluggish, was found to exhibit evidences of 
scurvy. The junctions of the ribs with the cartilages showed 
signs of scurvy in that eight hemorrhagic costochondria] enlarge- 
ments were found. 

Dissection of the other two guinea pigs showed that both were 
healthy and normal. 


CONCLUSION, 


The vitamin C in the dried orange juice was still effective in 
preventing scurvy at the end of 5 years, 
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A PORTABLE CALORIMETER FOR THE DETERMINATION 
OF BOTH OXYGEN AND CARBON DIOXIDE. 


By J. F. McCLENDON, GERTRUDE J. HUMPHREY, anp 
MILO M. LOUCKS. 


(From the Laboratory of Physiological Chemistry, University of Minnesota, 
Minneapolis.) 


(Received for publication, June 18, 1926.) 


Although many excellent respiration calorimeters have been 
perfected, it seemed possible that the weight might be reduced 
in an instrument in which the respiratory quotient could be de- 
termined. ‘The instrument herein described has been in use for 
some time! and seems to give satisfactory results as is shown by 
the accompanying data. This apparatus, Fig. 1, was developed from 
one described by McClendon and March,? who, we believe, were 
the first to use a chain over a wheel to balance the water dis- 
placed by the thickness of the wall of the bell of the spirometer. 

The apparatus consists of a spirometer holding 6 liters and with 
a recording drum of such size that charts purchased from the 
Sanborn Company may be used to record the respirations. The 
bell is counterpoised by a chain and weight passing over a wheel 
on which the liters of oxygen in the bell may also be read if de- 
sired. Below the spirometer is a museum jar holding 6 liters in 
which is placed a standard solution of Ba(OH).2 containing BaCl: 
to reduce hydrolysis and 0.1 gm. phenolphthalein. <A synchro- 
nous alternating current electric motor drives a clock work re- 
volving the recording drum and at the same time drives a centrif- 
ugal pump which sprays the Ba(OH):2 in the museum jar. The 
pump is made of an inverted, truncated hollow cone. The cone 
is open below and above and is provided with radial baffles or 
septa which allow passage of fluid upwards but force the fluid 

1 McClendon, J. F., Proc. Soc. Exp. Biol. and Med., 1925, xxii, 234. 

2 McClendon, J. F., and March, K., J. Lab. and Clin. Med., 1922-23, 
viii, 194, 
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to rotate with the cone. The rotation of the cone causes the 
fluid to be sucked up from the bottom and sprayed out at the 
top at a very rapid rate in order to absorb the COs» out of the air. 

In the use of the apparatus a mask or mouthpiece is applied 
to the patient, having a | inch side outlet which allows free breath- 
ing to the outside until the moment of beginning the experiment. 
A 14 inch bore rubber tube leads toa brass tube of the same bore 
going down just below the level of the Ba(OH). solution in the 
museum jar, admitting expired air into the jar. The passage of 
the tube below the solution, acting as a valve, prevents reversal 
of the air current. From the museum jar a vertical tube rises 
up through the water in the spirometer. Another 14 inch brass 
tube comes down through the water of the spirometer and passes 
to the outside where it is connected with a valve and then to a 
1; inch rubber tube to the mask over the patient’s face. This 
tube brings oxygen from the spirometer to the mask and the 
valve prevents reversal of the current. The apparatus is mounted 
on a stand of sufficient height to allow the museum jar to be 
raised up into place and clamped to the plate of the apparatus with 
six clamps, being made air-tight by a rubber gasket. In opera- 
tion after the mask is applied (the bell having been filled with 
oxygen and the Ba(OH). solution having been introduced) the 
motor is started causing a base line to be written on the recording 
drum and the Ba(OH). solution rapidly sprayed in the museum 
jar. ‘The patient is watched until the respirations become regu- 
lar; then the side outlet to the mask is closed with a rubber stop- 
per and the color of the Ba(OH). solution carefully watched. 
As soon as the phenolphthalein is decolorized, the stopper to the 
side outlet of the mask is withdrawn, thus ending the experiment. 
The motor may be stopped and the mask removed at leisure. 

The calculation of the CO, absorbed is made by multiplying 
the number of gram molecules of Ba(OH). by 22.4 to obtain the 
liters of COz absorbed. The oxygen is determined by the fall of 
the bell as recorded on the drum in ce. but has to be reduced to 
dryness at 0° and 760 mm. Hg pressure. The temperature of 
the oxygen in the spirometer must be taken. The rise in tem- 
perature during the experiment is negligible for ordinary work 
since the spirometer contains 7 liters of water and the museum 
jar 13 liters and the respiration time is less than 10 minutes. 
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EXPERIMENTAL, 


The following experiments were undertaken to standardize 
the apparatus, to determine the sources of error, and to correet 
them as they occurred during the experiment or calculation. 

In the calibration of the scale on the drum oxygen was pumped 
from the oxygen valve to displace water in a liter volumetric 


bia. 1. 


flask inverted in a vessel of water. As each liter was removed 
from the bell the drum was moved and the writing point recorded 
the distance comparable to 1 liter as shown in Fig. 1. 

A possible source of error was incomplete carbon dioxide ab- 
sorption. The Ba(Oll)s is sprayed at a rapid rate in the CO» 
absorption chamber but in spite of this, the oxygen tank and the 


| 
| 


j 
“4 
- 
| § 
ij 
| | 
| 
| a 
4 
‘ 
rm 
i 
= - 
= 
; 
A 


516 Portable Calorimeter 


gas above the Ba(OH)» solution were found to contain CO. and 
at the same concentration. Seven experiments showed an ap- 
proximately constant value of 26 ec. of CO» per liter of gas in the 
oxygen bell and the COs absorption chamber, at the end of each 
experiment. The volume of the COs chamber was 6 liters empty, 
but only 43 liters in the gas phase when in use. To this must be 
added the gas remaining in the oxygen bell. 

In a representative run to determine unabsorbed COs in the 
oxygen bell and CO. chamber, the following data were obtained. 


There was placed in the absorption chamber 1 liter of water 
and 0.5 liter Ba(OlD). of 0.28 normality. After a basal metaho- 
lism run, duplicate samples of the gas were removed for analysis 
by means of a pump. Analysis showed 25.76 ee. of COs per 
liter of gas. Since there were 4.5 liters of gas originally in the 
(‘). chamber, the total correction for COs not absorbed in the 
(‘Oo chamber is 4.5 &* 25.76 = 116. 

After the metabolism run the spirometer bell contained 2.24 
liters of gas. Duplicate samples of this gas were removed and 
analyzed and found to contain 25.76 ee. of CO. per liter. 


Sample r. Q. calculations: 
Barometer = 732.5 mm. He. 
Tension of water vapor = 20.8 mm. 
Temperature = 23°C, 
Volume of O. = 1846 ee. 
Correcting to standard: 
Volume = 1846 273 X (782.5-20.8) _ 595 
(60 296 
0.5 liter of Ba(OH 0.23 equivalent to 1288 ce. of COs. 
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25.76 X 2.24 = 57.2 ec. of CO remaining in oxygen bell. 


20.746 X 4.5 = 116 * * CO. chamber. 
1288 + 116 + 57.2 = 1461 ee. of CO, (total). 
Equivalent in CO: per liter of gas. 
Experiment No. 
Oxygen bell. | Carbon dioxide chamber. 
ce. ce. 
I 24.98 
II 26.21 25.76 
III 25.42 25.98 
IV 25.76 25.53 
V 26.21 25.76 
VI 25.76 25.76 
VII 25.76 25.76 
25.73 | 25.76 
CONCLUSIONS. 


The CO, was not entirely absorbed in the Ba(OH). solution; 
that is, approximately 2.6 per cent of the remaining gas in the 
oxygen bell and the carbon dioxide absorption chamber was CO, 
after all experiments in which 0.115 gram molecule of Ba(OH)» 
was used. 

By using this figure of 2.6 per cent in making correction for 
unabsorbed COs, accurate results should be obtained without 
analyzing the gas remaining in the apparatus. The aceumula- 
tion of CO» caused a slight increase in lung ventilation (lig. 2). 
The mid-point of the tracing of the excursion of the writing point 
in the graphic record was taken in calculating the oxygen ab- 
sorbed (shown by diagonal line in Fig. 2). In calculating the 
CO, in the spirometer at the end of an experiment the volume of 
the gas in the spirometer at the end of expiration is used in order 
to eliminate the error due to increased content of COs» in the 
tidal air. 
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THE COLORIMETRIC ESTIMATION OF TYROSINE, 
TRYPTOPHANE, AND CYSTINE IN 
PROTEINS. II. 


By JOSEPH M. LOONEY. 


(From the Biochemical Laboratory of the Sheppard and Enoch Pratt Hospital, 
Towson, Maryland.) 


(Received for publication, June 4, 1926.) 


In a recent communication Cohn (1) has pointed out the 
very remarkably close agreement of the molecular weights of a 
number of proteins postulated on the basis of various physico- 
chemical and analytical procedures and those calculated from the 
determination of the tyrosine, tryptophane, and cystine content 
by Folin and Looney (2). 

In view of certain inconsistencies which were pointed out in 
the previous paper in the case of the tyrosine content of gliadin 
and edestin and because of the discrepancy in the results obtained 
by Jones, Gersdorff, and Moeller (3) as to the value of cystine in 
a few proteins it seemed worth while to redetermine the values of 
some of these proteins. ‘This was all the more desirable inasmuch 
as the exact value! of the molecular weights of these proteins 
depended in no small degree on the values in question. The 


investigation was carried out on samples of purified proteins 


kindly furnished by Dr. Cohn. 

Before giving the results of the determinations it seems advisa- 
ble to consider the various methods that have been proposed for 
the estimation of these compounds. 

The multiplicity of methods proposed for the estimation of 
tryptophane and the inconsistency of the values given are sufh- 
cient evidence of the importance attached to the subject and the 
worthlessness of most of the methods. In the paper of Folin and 
Looney they stated concerning the discrepancy between their 


1 Dr. Cohn states that these determinations furnish the most reliable 


values for the molecular weights. Personal communication. 
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values and those of Tiirth and his coworkers that: “The figures 
which these authors have obtained are so very much higher than 
those given by our method that either their procedure or ours 
manifestly must be fallacious.”’ 

That the error lay with the procedure of Firth et al. has been 
amply proven by many investigators. 

Luscher (4) shows that the method of Firth and Lieben (5) 
gave results 30 to 60 per cent higher than those obtained by sub- 
stituting benzaldehyde for formaldehyde. He states that the 
color obtained with formaldehyde and pure tryptophane is blue 
and that from proteins is more or less red. Any reaction which 
gives more than one color shade is not suitable for colorimetric 
work. Kiyotaki (6) working in Firth’s laboratory found 3.2 
to 4.0 per cent of tryptophane in hemoglobin though Firth 
using the same reaction had reported none. He points out that 
the concentration of the protein greatly affects the results and 
that weak solutions give no color. He reports variations of 
25 per cent on duplicate analysis of the same sample of hemo- 
globin. Hunter and PRorsook (7) confirmed these results but 
obtained a much lower figure, 2.6 per cent, as the value of the 
tryptophane content of hemoglobin. They show the unreliability 
of the Voisenet reaction as used by Fiirth. They state that 
glycyl-tryptophane gives a far deeper and redder color than that 
produced by pure tryptophane and point out in the few instances 
where the result of Folin and Looney is not decidedly lower the 
proteins were free from glycine. They suggest “that the Voise- 
net color reaction is affected, both as to hue and as to intensity, 
by the mode of combination of tryptophane in the protein mole- 
cule. This suspicion is not calculated to increase one’s confidence 
in any method of which it forms the basis.’”’> They obtained ex- 
cellent check results on globin after repeated recrystallizations. 

IXretz (8) used the method of Fiirth for the localization of 
tryptophane in plant cells. He realized that the method did not 
give accurate quantitative results, because of the susceptibility 
of the reaction to many destructive influences. He states that 
changes in the strength of the acid or small variations of the 
various reagents used from the known optimum cause a great 
diminution in the reaction or prevent it entirely. 

May and Rose (9) introduced the use of a protein containing 
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a known amount of tryptophane as a standard. They used p- 
dimethylamino benzaldehyde as the color-producing reagent. 

Holm and Greenbank (10) claim that the results of May and 
Rose are in error, first because they used the wrong value for the 
tryptophane content of casein, and second because the time that 
they allowed was not sufficient to permit the maximum color 
production. They give figures which agree with those of Fiirth 
et al., whose results they term excellent even though errors up to 
20 per cent are permitted. 

Kkomm and Bohringer (11) modified the procedure of Firth 
by omitting the addition of nitrite and substituting sulfuric acid 
for the hydrochloric acid. They obtained figures for casein and 
Witte’s peptone in good agreement with those of Firth. After 
Firth admitted that his previous results were too high Iktomm (12) 
claimed that his own results were wrong because he inadvertently 
had used a tryptophane standard which had been standing 5 
days when he reached the conclusion that the presence of protein 
in no way influenced the reaction. 

In view of these findings Fiirth (13) repeated his work and con- 
cluded that the addition of water greatly decreased the absolute 
intensity of the reaction. This reduction was greater for pure 
tryptophane than for tryptophane combined in the protein. 
To overcome this difficulty he adopts the idea of May and Rose 
and uses casein as a standard giving to it the value of 1.7 per 
cent. 

Jones, Gersdorff, and Moeller (3) have published the results 
of the tryptophane and cystine content of a number of proteins 
using the method of May and Rose for tryptophane and of Folin 
and Looney for cystine. They take the value of 2.2 per cent as 
the tryptophane content of casein used as the standard. They 
check the method by comparing tryptophane added to zein 
against pure tryptophane and obtain good agreement. ‘That 
this is a sufficient check is open to question as the reaction of 
aldehydes with tryptophane when alone is not the same as when 
combined in the protein. It is the combination of tryptophane 
with other amino acids, e.g. glyeyl-tryptophane, and not the mere 
presence of these amino acids which is important. 

One other aldehyde reaction has been proposed by Kraus (14). 
This is the reaction between vanillin hydrochloride and trypto- 
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phane. She was not able to utilize the method quantitatively 
because of interfering colors produced by the products of diges- 
tion. She claims greater sensitivity for the reaction which is 
positive in the case of zein and gelatin. She states that the 
method of Folin and Looney gives erroneous results inasmuch as 
the digestion produces indole and skatole which are not removed, 
that the failure to remove the barium sulfate precipitate intro- 
duces a serious error, and that the separation of tyrosine and 
tryptophane is not complete. 

In this connection it may be pointed out that indole and ska- 
tole if present in protein hydrolysates undoubtedly are derived 
from the tryptophane and in order to get the true value must 
be estimated along with it. Theoretically the barium sulfate 
should be removed before making up the solutions to volume. 
Practically it is better not to remove the precipitate as it is im- 
possible to wash out the tryptophane completely with the limited 
amount of water that one must use and because the results on 
known solutions are more accurate. This is shown by the results 
obtained with zein. 

Folin and Denis (15) obtained a value for the tyrosine content 
of zein of 5.5 per cent which agrees well with the figure 5.6 per 
cent that Folin and Looney (2) obtained later. When 2 per cent 
of tryptophane was added to the zein and the digestion with 
barium hydroxide carried through as outlined in their paper, 
they recovered 5.52 per cent of tyrosine and 2.01 per cent of 
tryptophane. This experiment shows that the separation of the 
tryptophane and tyrosine is quantitative, that the tryptophane 
is not destroyed by digestion with barium hydroxide for 48 hours, 
and that no serious error is introduced by leaving the barium 
sulfate in the flask. 

The question as to the relative sensitivity of the two methods 
cannot be judged arbitrarily by the figures given. 1 mg. per 
100 ce. was taken as a convenient standard without any intention 
of setting this figure as the limit of sensitivity. As a matter 
of fact accurate estimations can be made using only 0.2 mg. per 
100 ce. 

In all of the above methods the reaction of aldehydes with tryp- 
tophane in an acid solution is utilized. The tryptophane is not 
set free by hydrolysis. These reactions are open to the objection 
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that free tryptophane does not react similarly to tryptophane in 
combination. Both the depth of color and the shade are apt to 
be different. The use of a tryptophane-containing protein like 
casein as a standard might suffice if it were not forthe fact that no 
two authors agree as to the value that should be assigned to it 
and furthermore casein contains no glycine, which Hunter and 
Borsook (7) have shown causes a marked difference in intensity 
of the formaldehyde reaction. 

The method of Onslow (16) is tedious and cumbersome. He 
determines the nitrogen in the precipitate from mercurie sulfate 
and corrects for the various amino acids besides tryptophane 
that are precipitated. He gives figures for casein and it is to be 
noted that he discards the results of fourteen of his twenty ex- 
periments that gave figures of 1.3 to 1.5 per cent and that the 
six figures which he does accept show variations of 14 per cent. 

The method proposed by Folin and Looney (2) has been eriti- 
cized on the ground that the results were inaccurate because the 
color produced by the phenol reagent was not proportional to the 
amount of reacting substance. This conclusion was first set 
forth by Gortner and Holm (17) and has been repeatedly quoted 
by others. In the paper of Folin and Looney this criticism was 
not discussed in detail as it was felt that any worker experienced 
in colorimetric determinations would not be misled by Gortner 
and Holm’s evident unfamiliarity with the technique employed 
in this field, into accepting their rather extraordinary conclusions. 

To those sufficiently well grounded in the fundamental princi- 
ples of colorimetric analyses, a perusal of Gortner and Holm’s 
paper would show at once that their work far from being a proof 
of the unreliability of the phenol reagent is in fact a confirmation 
of its accuracy. That their conclusions are repeatedly quoted is 
proof only that the investigators have not taken the trouble to 
read the original work or else do not understand the principles 
on which all colorimetric determinations are based. The work 
of Fiirth et al. will be discussed later in this connection. 

Although it is an acknowledged principle in colormetric work 
that the concentration of the unknown must not be less than 
three-fourths nor more than three-halves that of the standard 
(;ortner and Holm read solutions which vary from one-half to 
100 times that of the standard. On page 1683 they state: 
. . the only variable being the reactive organie compound 
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which was used in concentrations ranging from 0.5 mg. to 100 mg. 
The colors in every instance were read against a tyrosine standard 
of 1 mg. of tyrosine + 10 ec. of reagent.”’ 

The fact that the amount of reagent was not sufficient to react 
with such excessive amounts of material evidently did not occur 
to them even though another experiment which they carried out 
demonstrated this conclusively. On page 1682 they state: 
“It will be noted that samples 2, 4,5,6,7 gave almost identical color 
values, that sample 1, which gave only half of the color value, contained 
only 3 as much phenol reagent, and that sample 3, which had 25% 
excess of reagent, gave 25.8°; more color” By doubling the amount 
of reagent the color increased approximately 100°.” 

It would appear that the obvious conclusion to draw from this 
experiment was that the amount of reactive material was in 
excess and that it was the variations in the reagent that were 
being estimated. 

On page 1690 they state “at extremely low concentration of 
tyrosine, tryptophane, uric acid, ete., where the concentration 
lies >tween approximately 0.4 and 1.8 mg. of reactive material, 
the color intensities when plotted form approximately a straight 
line and are directly proportional to the concentration of the 
reactive substance and it is only in this region of the curve that 
accurate quantitative measurements of the reactive material in 
an unknown solution are possible.”’ 

This is indeed more than the authors of these methods claim 
as the safe limits for the procedure. But even here they omit 
the all essential fact that these limits only hold when the standard 
contains 1.0 mg. of material and would change if the concentra- 
tion of the standard was varied. It is evident that the con- 
clusions drawn by Cortner and Holm as to the lack of propor- 
tionality of the color produced by the phenol reagent were due to 
a misinterpretation of their results beeause of lack of under- 
standing of the fundamental principles of colorimetric procedures. 

TFiirth (13) quotes the conclusions of Gortner and Holm as to 
the lack of agreement between the concentration of the reacting 
substance and the color produced. He gives figures supporting 
this contention which if accepted render the method valueless. 
The tyrosine content of casein is determined according to the pro- 


2 The italies are Gortner and Holm’s. 
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cedure of Folin and Looney in a 1 per cent hydrolysate. He 
finds that 1 ec. of this solution read against a 1 mg. standard set 
at 20 mm. gives a reading of 24.1 mm., 2 ee. read 19.3 mm., 
3 ec. read 15.6 mm., 5 ee. read 14.6 mm. It is to be noticed 
that all of these readings fall within the normal range of from 13.0 
to 27.0 mm. and that therefore any one of the figures should be 
acceptable. I am unable to explain these figures of Tiirth un- 
less it is that they are evidence of unfamiliarity with colorimetric 
procedures which is also shown by his uncritical acceptance of 
the conclusions of CGortner and Holm. I have not been able to 
duplicate them nor so far as I can learn have any other inves- 
tigators who have used the method. 


TABLE I. 
Casein Digest Read against 1 Mg. of Tyrosine Set at 20. 


Tyrosine and tryptophane. | Fiirth’s Tyrosine alone. 
Digest. 

Reading. Per cent. | Reading. Per cent. 

ce. 

1.00 31.8 6.3 24.1 16.4 
2.00 15.5 6.4 19.3 10.0 
3.00 10.5 6.3 15.6 8.2 
4.00 8.2 6.1 
5.00 14.6 5.4 


In the paper of Folin and Looney it was shown that accurate 
results were obtained in known solutions of tyrosine and 
tryptophane over the entire range permitted by the limits that 
neither the standard exceeds the unknown nor the unknown the 
standard by more than 50 per cent. 

The following experiment will serve as a typical example of 
the results that are obtained. <A 1 per cent hydrolysate of casein 
was used as the unknown and 1, 2, 3, and 4 ee. portions of this 
plus sufficient 5 per cent sulfuric acid to make the total 4 ce. were 
measured into 100 ee. volumetric flasks in which all other factors 
were kept constant. The colorimetric determinations were 
made directly on the hydrolysates without attempting to separate 
the tyrosine and tryptophane. The-flasks were all read against 
the same standard containing 1 mg. of tryosine set at 20 mm. 
The readings given in Table I were obtained. 
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It will be noted that in 1 ee. of digest Firth obtains a lower 
reading for tyrosine alone than I do for the combined tyrosine 
and tryptophane. It will also be observed that in this range I 
obtain substantially the same values whether 1 or 4 ee. of hydroly- 
sate is used. The only reading which is within the accepted 
limits is obtained with 2 ce. of digest and this gives a value for 
the combined tyrosine and tryptophane of 6.4 per cent which is 
in good agreement with that formerly given by Folin and Denis 
(15) of 6.5 per cent. 

It is absolutely essential that the concentration of the various 
reagents be kept constant in both unknown and standard as there 


TABLE ITT. 
2 cc. of hydrolysate. + 
| 
2 ce. | 3 ce. | 4 ee. 5 ec 
2 cc. of hydrolysate + 2 ec. of reagent. Standard 1 mg. tyrosine set at 20 mm. + 
| 2 ce. 3 CC. | 4cc. | 5ce 


are two reactions using up the phenol reagent. The first of these 
is its reduction by the reactive material and the second is its 
destruction by the alkali. If the amount of reagent in the un- 
known greatly exceeds that in the standard high results will be 
obtained. If there is an excess of reagent in the standard the 
results will be low. The experiments shown in Table II demon- 
strate this. 

In the first case the standard solution contained 2 ce. of reagent 
and the amount in the unknown was varied from 2 to 5 ec. In 
the second case the amount in the standard was changed, that 
in the unknown being kept constant. When both the un- 
known and the standard contain 5 ce. of reagent the reading is 
17.3, equivalent to 5.8 per cent. Changing the amount of acid 
or alkali has a similar effect. 

Plimmer end Shimamura (18) show that accurate results are 
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obtained with the phenol reagent of Folin and Denis for tyrosine 
added to gelatin in amounts varying from 2.7 to 7.4 per cent. 

The only other possible objection to the method is the ques- 
tion of the destruction of the tryptophane by the barium hydrox- 
ide during digestion. That there is no basis for such an objee- 
tion has been amply shown by the work of Onslow (19), Fiirth (13), 
and Folin and Looney (2). While it is true that pure trypto- 
phane is readily destroyed by digestion with barium hydroxide 
this destruction does not take place in the presence of other diges- 
tion products of the proteins. 

Klinke (20) has used the method for the estimation of the ty- 
rosine, tryptophane, and cystine content of human hair. He 
states, ‘““Diese Bestimmungsweise erwies sich, wie Iontrollana- 
lysen zeigten, als sehr zuverlissig.”’ The cystine content reck- 
oned from the sulfur was in complete agreement with that deter- 
mined colorimetrically except for red hair. 

Sammartino (21) used the methods for the estimation of the 
tyrosine and tryptophane content of hair, nails, and corns. He 
finds the methods entirely satisfactory. 

Sumner and Craham (22) have estimated the tyrosine, tryp- 
tophane, and cystine content of the proteins of jack bean. They 
state that the cystine figures are not satisfactory if the amount 
of cystine is low because of the difficulty in getting a good blank 
and because the addition of so much acid influences the stability 
of the color. Though I have not experienced any difficulty in 
obtaining perfectly colorless blank solutions when the carbonate 
and sulfite solutions are fresh, I have found that the color pro- 
duction is not good when 8 to 10 ec. of hydrolysate must be used. 
lor this reason I find it necessary to limit the amount of hydrol- 
vsate to be used in the cystine determination to 5 or at the most 
6 ec. If sufficient color is not obtained with this amount it 1s 
better to redigest more protein to obtain a 2 per cent or greater 
concentration in the final hydrolysate. With experience and 
solutions giving good blanks one can use a smaller amount of 
cystine for the standard, though it is not advisable in any event 
to use less than 0.5 mg. per 100 ce. 

Lewis and Updegraff (23) have determined the destruction of 
the phenol ring on deamidization using the method. ‘Their 
figures do not indicate any such difficulty as Firth experienced. 
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Eckstein (24) determined that thyreoglobulin contained 5.45 
per cent of tyrosine, 2.15 per cent of tryptophane, and 1.55 per 
cent of cystine using the methods. He points out that the cys- 
tine when recalculated as per cent of total nitrogen agrees well 
with the results obtained by the Van Slyke method. 

The methods proposed for the colorimetric estimation of tyro- 
sine have in most instances proven inaccurate. The variations 
obtained from the same sample of protein amount to 25 to 30 
per cent. The phenol reagent alone has given consistent results 
in the hands of most workers. Firth as shown above rejects it 
on the ground of lack of proportionality. 

Hanke (25) in a recent paper accepts the conclusions of Firth 
and of Gortner and Holm as to its utter unreliability and proposes 
a method based on the diazo reaction. He cites the fairly close 
agreement between his values and the figures obtained gravyi- 
metrically as evidence in its favor. It is rather surprising and 
entirely inexplicable that he quotes the figures of Folin and Denis 
(15) for comparison instead of the corrected ones given later by 
Iolin and Looney (2). I can conceive of no good reason for con- 
tinuing to use figures that the author of the method has admitted 
were incorrect. It surely cannot be because he was unaware of 
the later work inasmuch as the paper of Firth which he cites as 
proving its inaccuracy gives much space to discussing it. 

In place of this method he proposes to use the diazo reaction 
which he had previously shown to be unsuitable for the estimation 
of tyrosine in protein-containing mixtures (26). He states that 
the use of mercuric acetate to separate out the tyrosine from 
the other amino acids is completely suecessful. Thus on page 
481 we find: “Other amino acids are precipitated to only a very 
small extent. . . . . The amount of the other amino acids that 
are precipitated is too small to interfere in any way with the colori- 
metric estimation of tyrosine.’ 

To anyone who is at all familiar with the chemistry of the 
amino acids only a very superficial reading of his experiments 1s 
necessary to show that Hanke has entirely neglected to try the 
amino acids which would be most apt to be precipitated by his 
procedure. 

The use of mercuric sulfate to isolate tryptophane was long ago 


3 The italics are Hanke’s. 
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proposed by Hopkins and Cole (27) and it is to be noted that 
their reagent is used in a fairly strong acid solution. Under the 
conditions of their method a precipitate is obtained composed 
chiefly of tryptophane but containing also tyrosine and cystine. 

Folin and Looney have shown that tryptophane can be quan- 
titatively separated from tyrosine when the solution contains 
5 per cent sulfurie aeid. 

Hanke keeps the acidity in his procedure very low so that all 
of the tyrosine is allowed to precipitate. Under these conditions 
it would appear entirely reasonable to assume that tryptophane 
whose mercuric compound is even more insoluble than tyrosine 
would also precipitate and that cystine likewise would come 
down. On this point Hanke is silent. 

A simple test showed that this assumption was entirely valid. 
10 mg. of tryptophane were dissolved in 25 ec. of water plus 0.33 
ee. of glacial acetic acid, and 1.16 gm. of mercuric acetate were 
added. ‘This mixture was boiled for 3 minutes. The solution 
beeame darker and a slight greenish colored precipitate settled 
out. This precipitate was filtered off and 2.5 gm. of sodium 
chloride were added. A very heavy floececulent precipitate was 
obtained which was dark green in color. The procedure was 
repeated using 10 mg. of tyrosine. In this case a white preecipi- 
tate was obtained. 

It was found that 1 mg. of tryptophane gave as much _ pre- 
cipitate as 3 mg. of tyrosine and that the more concentrated tryp- 
tophane solution gave a much darker colored precipitate. As 
a matter of fact a solution containing 50 mg. of tryptophane in 
75 ee. gave a deep indigo colored precipitate on boiling for 19 
minutes. 

When the tryptophane concentration is 1 mg. per 75 ee. there 
is no precipitate obtained by the initial boiling but the solution 
becomes opalescent. On the addition of the sodium chloride 
however an abundant white flocculent precipitate is obtained. 
On repeating this procedure using 3 mg. of cystine a precipitate 
was obtained that equaled that given by 3 mg. of tyrosine. 

These experiments show conclusively that the statement of 
Hanke quoted above is in error and that at least two other amino 
acids are precipitated by his procedure in amounts equal to that 
of tyrosine. 
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Even though other amino acids were precipitated no harm 
would result if the color reaction was specific for tyrosine. Such 
however is not the case. The presence of even a small amount 
of tryptophane causes a marked decrease in the depth of the color 


TABLE IIT. 


Gliadin. Tyrosine. Tryptophane. (Cystine. 
per cent per cent per cent 
Sample of Osborne. 3.08 1.19 
3.07 1.18 
3.095 1.15 
3.05 1.15 
3.07 1.14 
Sample B. 3.02 1.12 2.32 
3.00 1.10 2.45 
2.98 1.10 2.42 
3.02 1.08 2.45 
3.05 1.10 2.38 
3.01 1.10 2.40 
Sample C. 3.05 1.06 2.30 
3.00 1.10 2.40 
3.07 1.06 2.42 
3.00 1.10 2.39 
3.05 1.08 2.45 
Sample D. 1.10 2.42 
1.10 2.40 
1.08 
Average all determinations... 3.04 1.10 2. 40 


produced by a given amount of tyrosine and also causes a decided 
change in the shade. The color produced by 3 mg. of tyrosine 
alone is more than four times as deep as the color produced by 
3 mg. of tyrosine plus | mg. of tryptophane. 

The explanation for the low figures of Hanke become suffi- 
ciently evident from the results of these experiments. 
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The most exacting confirmation of the methods proposed by 
Folin and Looney is found in the paper of Cohn, Hendry, and 
Prentiss (1). They showed that the molecular weights deduced 
from the tyrosine, tryptophane, and cystine content of various 
proteins were in very close agreement with the weights demanded 
by certain physicochemical and analytical procedures. In al- 
most every instance where there was a difference in the value given 
by the various methods the figures obtained by Folin and Looney 
were most suited to the probable molecular weight. Such an 


TABLE IV. 


Tyrosine. Tryptophane. | (Cystine. 
per cent per cent | per cent 
Glutenin B average................. 4.56 | 1.58 | 1.SO 
Average all determinations...... 4.56 | 1. 64 | 1.80 
4.58 | 1.52 
- ) 
Average all determinationstT..... 4.58 1.52 O.S4 
Kgg albumin average.............. 4.10 1.26 0.S1 
5.66 | | 0.76 
| | 0.75 
Average all determinations... ... 5.66 | | 0.79 


agreement might be considered a coincidence in one or two in- 
stances but this certainly cannot hold for the large number of 
proteins considered. 

The proteins investigated included gliadin, edestin, glutenin, 
egg albumin, gelatin, and zein, and except for egg albumin and 
gelatin two or more samples of each were analyzed. 

The tyrosine values of gliadin and edestin given in the paper 
of Folin and Looney (2) were inconsistent with the previous 
values of Folin and Denis (15) in that they exceeded the earlier 
figures whereas they should have been lower because of the tryp- 
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tophane content. For this reason four different samples of 


gliadin were analyzed. 
TABLE V. 


Results of: 


| 
| per per | per per | per | per per 
| cent | cent cent cent | cent | cent cent 
Gliadin. | Tyrosine. 3.40 | | 2.31 
| 
| | | 2.39 
Tryptophane. | 1.10 | 1.14 | 1.05 | 1.09 
(Cystine. | 2.40 | 2.32 1.76 
Glutenin. Tyrosine. | 4.56 | 4.50 | 
me! 
Tryptophane. | 1.64 | 1.68 | 1.80 | 1.72! 
Cystine. | 1.80 | 1.80 1.5 | 
destin. Tyrosine. 4.58 5.70 | 4.9 
| 4.3 
Tryptophane. | 1.52 | 1.40 | 1.5 | 2.48) 1.7 
Cystine. 0.84 | 0.75 0.97 
Iigg albumin. | Tyrosine. | 4.10 | 4.2 3.8 2.35 
Tryptophane. | 1.26 | 1.23 | 1.11 | 2.25) 1.8 
Cystine. O.SS 
Gelatin. I'yvrosine. () | | | 0.25 
Tryptophane. | 0 0 4 
Cystine. / 0.17 | 0.20 | 0.15 
| 0.16. | 
| | 
Zein. ‘Tvrosine. | 5.66 | 5.52 | | 3.66 
Tryptophane. | 0 | O 0) 0.19 
Cystine. 0.75 0.5 0.85 | 


The analyses for the gliadin are given in detail in Table III. 
It will be seen that the results for any one sample are in excellent 
agreement. The sample of Osborne gives higher results for 
both the tyrosine and the tryptophane than the others. The 
average for tryptophane of all samples of 1.10 per cent agrees 
well with the value which was givenspreviously and with values 
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obtained by Cross and Swain (28), and the value of May and Rose 
increased by 6 per cent to correct for their low value for the trypo- 
phane content of casein. 

In Table IV are given the values for the other samples of pro- 
teins studied. In order to simplify the table only the average of 
the results for the various specimens is indicated. Each figure 
represents the results of not less than three separate determina- 
tions and as a rule five estimations were made. 

In Table V are collected for comparison some of the recent re- 
sults of other investigators and the figures previously obtained 
by Folin and Looney. 

On the whole it will be seen that the new results confirm the 
earlier analyses and in a few instances remove the inconsistencies 
pointed out in the earlier paper. It will be noted that the dis- 
crepancies in the cystine figures given in the previous paper and 
that of Jones, Gersdorff, and Moeller (3) have been removed. 
The figure for gelatin 0.17 per cent is in excellent agreement with 
their findings of 0.15 and 0.16 per cent. 

The previous figure for the cystine content of zein of 0.5 per 
cent appears to be in error. The figure given now of 0.75 per 
cent agrees much better with their result of 0.85 per cent but still 
leaves something to be desired. It is interesting to note that this 
new figure is just half again as great as the earlier figure and the 
molecular weight still remains 96,000. It is rather idle to specu- 
late as to the reason for the change but the new figure probably 
represents the true value with a fair degree of accuracy. 

No result was given for the eystine content of egg albumin in 
the previous paper. The value obtained now of O.SL per cent 
is somewhat lower than that given by Jones, Cersdorff, and Moel- 
ler of O.SS per cent, but leads to a somewhat better agreement in 
calculating the molecular weight. 

The value for the cystine content of edestin has been increased 
slightly from 0.75 to 0.84 per cent. This figure again is some- 
what lower than that of Jones, Cersdorff, and Moeller. The 
discrepancy in the molecular weight determination based onthe 
previous figures for cystine vanishes with the new figure. 

The cystine figures which are given here for the most part are 
slightly lower than those of Jones, Gersdorff, and Moeller. The 
explanation for this may lie in the fact that they used more 
than 6 ee. of hydrolysate, while I have used only 5 ee. 
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The new tryptophane figures confirm the values given in the 
paper of Folin and Looney and in most cases agree well with the 
results of May and Rose increased by 6 per cent. In this con- 
nection. it is interesting to note the marked variations between 
the values of May and Rose and those of Jones, (ersdorff, and 
Moeller when compared on the basis that casein contains 2.2 
per cent of tryptophane. ‘These figures are given in Table VI. 

The results for tyrosine are in excellent agreement with the 
previous values except for gliadin and edestin where the new 
figures are lower. The results given by Hanke are much lower 


TABLE VI. 
Tryplophane in Proteins. 
Results of: 
Jones, Gersdorff, and Moeller. 
May and Rose. Calculated 
from May and Obtained. 
Rose. 
per cent per cent per cent 
2.4 3.52 2 69 
1.05 1.54 1.09 
Egg albumin............ 1.11 1.63 2.25 


than these except for gelatin. Although the majority of workers 
agree that gelatin is free from tyrosine Hanke finds 0.25 per cent. 

The molecular weights calculated on the basis of the new figures 
show very little change. ‘That of gliadin must be in the neigh- 
borhood of 72,000 as suggested by Cohn, inasmuch as the new 
values for cystine and tryptophane confirm the earler figures 
within the limit of error of the method. 

The new value for tryptophane leads to a minimal weight of 
18,550, that of tyrosine to a minimal weight of 5960, and cystine 
to a weight of 10,000. The ghadin molecule would therefore 
contain 12 molecules of tyrosine, 4 molecules of tryptophane, 
and 7 molecules of cystine. Assuming that gliadin has a molee- 
ular weight of 72,000 we can calculate the percentage of the 
various constituents. ‘These results are given in Table VII. 
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A similar treatment of edestin yields a minimal molecular 
weight of 28,000. This value is slightly lower than that given 
by Cohn but conforms well with the results of the various analyses 
except for sulfur and lysine. The results are shown in Table VIII. 

The value of tryptophane calculated in this manner is the mean 
of the values given by Folin and Looney and that obtained in 
this investigation. The cystine value which lies between the low 
figure of Folin and Looney and the high one of Jones, (:ersdorff, 
and Moeller agrees very well with the calculated value. 


TABLE VII. 
Assumed Molecular Weight of Gliadin 72,000. 


Molecular 

| atoms or | | Found. | 

molecules. 
per cent per cent per cent 
Tryptophane...... 204 4 1.13 1.10 2.65 
IS] 12 3.02 3.04 0.66 
32 14 0.624 | 0.619 | O.SO 


TABLE VIII. 
Assumed Molecular Weight of Edestin 28,000. 


Molecular of 
weight te oes Calcu- d Differ- 
of con- | le lated. ence. 
stituent. Mmolecuies. 
per cent per cent per cent 
204 2 1.46 1.52 4.0 
32 3 0.344 0.346 | 0.28 


The fact that there are 3 molecules of sulfide sulfur of which 
only 2 can be accounted for on the basis of the cystine would 
indicate the presence of another compound. ‘The amino acid 
discovered by Mueller (29) as being present in edestin would 
account for part at least of this excess. ‘This acid does not react 
in the cystine determination. 

The results obtained for glutenin are in complete agreement 
with the earlier figures and establish the probable minimal molec- 
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ular weight as 36,300. In this case the value for cystine does 
not coincide so well with that of tyrosine and tryptophane. 
More data is needed to ascertain the true value conclusively. 
The figures are given in Table IX. 

The earlier values given for egg albumin have been confirmed 
by the new determinations. In addition the amount of cystine 
has been found to be 0.81 per cent. This is somewhat lower than 
figures of Jones, Gersdorff, and Moeller and of Harris (30). The 


TABLE IX. 
Assumed Molecular Weight of Glutenin 36,300. 


Molecular 
weight No. of Caleu- . Differ- 
of con- | 2tems or lated Found, 
stituent, | molecules. 
per cent per cent per cent 
3 1.68 1.64 2.4 
9 4.49 4.56 1.6 
3 1.98 1.80 9.0 
6-Hydroxyglutamie acid...... 163 4 1.79 1.8 0.5 
TABLE X., 
Assumed Molecular Weight of Eqg Albumin 33,800. 
Molecular 
weight No. of Caleu- . Differ- 
of con. | atoms or Found. 
per cent per cent per cent 
l 0.71 0.81 14.0 
32 0.47 0.49 4.3 


calculated value obtained on a basis of 1 molecule and a weight 
and of 33,800 is still lower. The variation between the calculated 
and observed values is sufficiently large to indicate that the 
cystine figure is in error as it is unlikely that the molecular 
weight is greater than 33,800. These results are given in Table X. 

The cystine content of gelatin of 0.17 per cent is in excellent 
agreement with that given by Jones, Gersdorff, and Moeller of 
0.15 to 0.16 per cent. This would lead to a molecular weight of 
about 140,000. 
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The difference in the cystine content of zein given earlier and 
that obtained in this investigation leads to no change in the 
molecular weight. It does demand that zein contain 3 molecules 
of cystine which would account for the 6 molecules of sulfide 
sulfur that would have to be present. The agreement with the 
other constituents is excellent on this basis as shown in Table XI. 

It is to be noted that in every instance the tyrosine and tryp- 
tophane values obtained agree with those calculated within 4 
per cent which may be taken as the limit of error of the procedure. 

Iixcept for edestin and gliadin in which the previous values for 
tyrosine were much too high, the variations in the tyrosine and 
tryptophane figures are consistent with the earlier results within 
this limit. If the tyrosine figure is slightly higher then the tryp- 
tophane is a little lower or vice versa. 

TABLE XI, 
Assumed Molecular Weight of Zein 96,000. 


Molecular 
atoms or Found. Diter 
sti cone- molecules. ucved, ence, 
stituent. 
per cent per cent per cent 
30 5.66 5.65 0.0 
3 0.75 0.75 0.0 
32 1S 0.60 0). 60 0.0 
32 6 0.20 0.21 5.0 
133 13 1.80 1.SO 0.0 
SUMMARY. 


The limitations of the various methods for the determination 
of tyrosine and tryptophane are discussed. 

The errors in the conclusions of Gortner and Holm, Fiirth 
et al., and Kraus concerning the methods of Folin and Looney 
are pointed out and evidence in support of these methods is 
given. | 

The method of Hanke is shown to be worthless because trypto- 
phane and cystine are precipitated during the process and the 
presence of small amounts of tryptophane seriously affect the 
depth of color. 

The results of Folin and Looney have been confirmed except in 
the case of the tyrosine content of gliadin and edestin and the 
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cystine content of zein. The new figures for these constituents 
are shown to be more consistent with the values obtained by Folin 
and Denis and Jones, (ersdorff, and Moeller. 

The values obtained are shown to agree remarkably well with 
the per cents calculated from the molecular weights given by 
Cohn. 
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THE LACTIC ACID CONTENT OF CEREBROSPINAL 
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The work of Warburg and his associates (1) on the lactie acid 
metabolism of cancer cells suggests the possibility that the study 
of lactic acid in body fluids may be of diagnostic interest. Valen- 
tin (2) found distinct increases in the lactic acid content of the 
blood in eases of malignant neoplasms. We also have observed 
these changes but have not found them large enough or constant 
enough to be of clinical significance. The absence of marked 
increase of blood lactic acid under these conditions is not sur- 
prising because of the ability of some of the body tissues to remove 
excess lactic acid from the blood stream (3). If, however, the 
fluid bathing a tumor were to be examined an increase in the lactic 
acid content of this fluid might be expected. This would seem 
particularly likely to occur in cases of tumors of the central ner- 
vous system where such tumors were in contact with the cerebro- 
spinal fluid. As analogies to this may be mentioned the work 
of Mendel and Engle (4) who adduce evidence that the lactic acid 
of the gastric contents in cases of carcinoma of the stomach is due 
to the metabolic activity of the cancer cells themselves and not to 
bacteria; also that of Parnett and Melkenny (5) who in one case 
of a carcinoma involving the pleura found 43 mg. per cent of lactic 
acid in the spinal fluid as compared with a blood lactie acid in the 
same patient of 18 mg. per cent. 

At the time this work was started several months ago there were 
only very brief references in the literature concerning lactic acid 
in the cerebrospinal fluid. Levinson (6) states that he tested 
qualitatively for the presence of lactic acid in spinal fluid by means 
of Uffelmann’s reagent and found that lactic acid occurred in 
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traces in normal spinal fluid. Menninger (7), in his reveiw of the 
literature on cerebrospinal fluid, states that the lactic acid content 
“is increased in the presence of suppurative meningitis.”’ Nishi- 
mura (8), in cases of encephalitis, brain tumor, and cerebrospinal 
lues found a lactic acid content of 9 to 13 mg. per 100 ec. In 
tuberculous and meningococcus meningitis his figures were as high 
as 22.5 mg. per cent. Killian (9), who published after our work 
was begun, gives more complete analysis of cerebrospinal fluid 
and corresponding blood lactic acid. His values for normals 
are tabulated in comparison with ours in Table I. Our specimens 
were obtained from the services of Dr. 8. I. Schwab and Dr. 
“rnest Sachs whose cooperation was of the greatest help in the 
conduct of this work. 

Unfortunately we were able to study only a small series of brain 
tumors, nine cases in all. However, in order to provide adequate 
controls for this series, analyses were made on all other spinal 
fluids which we could obtain, irrespective of the clinical diagnosis. 
The purpose of this paper is to report on a few cases of brain 
tumor which we have studied and also to add to the literature such 
data as we have accumulated on the lactie acid content of the 
spinal fluid in various neurological conditions. 


EXPERIMENTAL. 


Since it is generally recognized that the chemical constituents 
of the cerebrospinal fluid are related more or less quantitatively 
to the same constituents of the blood, whenever possible lactie 
acid analysis was made of the blood as well as of the spinal fluid. 
The lumbar punctures were made at times convenient to the 
resident staff and in most cases the blood specimens were taken, 
usually without a tourniquet, after 3 hour of absolute rest following 
the lumbar puncture. Inthe cases of patients coming to operation 
blood specimens were drawn before the patients left for the 
operating room. 

The blood proteins were precipitated by the method of Folin 
and Wu (10). The lactic acid analyses of spinal fluid and blood 
were done by the sulfuric acid method of Clausen (11). For the 
lactic acid analyses of spinal fluid we found it convenient and time- 
saving to precipitate the spinal fluid proteins directly with copper 
sulfate, a method suggested by Sluiter’s (12) use of copper sulfate 
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for precipitating blood proteins for his colorimetric determination 
of lactic acid. Tor precipitating spinal fluid protein by this 
method we used the following procedure: To 2 ce. of spinal 
fluid in a centrifuge tube were added 13 ce. of 5 per cent copper 
sulfate and 5 ee. of distilled water making a 1:10 dilution. The 
test-tube was stoppered, inverted several times, and allowed to 
stand about 10 minutes. The addition of the copper sulfate to 
the spinal fluid caused the formation of a white cloud, the den- 
sity of which varied with the amount of protein in the fluid. The 
mixture was then centrifuged and the clear supernatant fluid 
poured off. This was easy to do since the precipitated protein 
was deposited as a small firm mass in the bottom of the centrifuge 
tube. lor desugarizing and removing the copper a slight excess 
of calcium hydroxide was added, the mixture shaken at intervals 
for + hour, centrifuged, and filtered, using a small funnel and 
filter paper. The fluid thus obtained was slightly over 15 ee. 
in amount and was sufficient for triplicate analyses of 5 ee. each. 
The filtrate yields the same amount of lactic acid as spinal fluid 
in which proteins have been precipitated by the bichloride of 
mercury method, does not give a biuret test, and does not char 
upon heating with concentrated sulfuric acid. 

In the discussion of brain tumors where an anesthetic was used, 
the type of anesthesia is mentioned. ‘This is important because 
Ronzoni, WKoechig, and Maton (13) have demonstrated a marked 
rise of blood lactic acid under ether anesthesia. 


DISCUSSION, 


Lactic Acid Content of “Normal” Cerebrospinal Fluid.—sSince 
spinal punctures are not performed without a definite indication, 
spinal fluids are, presumably, not obtained from normal individ- 
uals. Tor purposes of comparison, however, we have taken as 
our standard for normal spinal fluid the following criteria: The 
fluid should be clear, colorless, and under normal pressure; should 
not contain over 10 cells per emm. The Pandy test negative or 
not over 1 plus; the Wassermann negative; the Lange curve 
should not rise over 2. In thirteen cases of this series which ful- 
filled these requirements the lactie acid varied from 11 to 27 mg. 
per cent with an average of 19 mg. per cent (see Table I). Cor- 
responding blood specimens were examined in nine of these cases 


i 
a 
é 
i 
i 


542 Cerebrospinal Fluid 


and the spinal fluid lactic acid was found to have the relationship 
of 60 to 96 per cent of the blood lactic acid with an average of 
77 per cent. IKillian (9), also using the Clausen sulfurie acid 
method, gives 8 to 15 mg. per cent as his normals (five cases) and 
the percentage ratio of spinal fluid lactie acid to blood lactie acid 
in fifteen cases, including those other than normal, was 80 to 90 
per cent of the blood lactie acid. 

Lactic Acid Content of the Cerebrospinal Fluid of Neurological 
Patients (Exclusive of Brain Tumor Cases).—It will be seen upon 
examining Table II that in a fairly wide variety of abnormal 
neurological conditions the lactic acid content of the cerebrospinal 


TABLE I. 
Normal Spinal Fluids. Mg. of Lactic Acid per 100 Ce. 
Barnes hospital. New York 
Post Graduate 
hospital 
extremes. Average. (Killian). 
Spinal fluid lactic acid.............. 11-27 19 8-15 
(5 cases). 
13-45 23 11-15 
(9 cases), (15 cases).* 
Per cent ratio spinal fluid to blood 
(15 cases).* 


* These include two normal and thirteen pathological cases. 


fluid both as regards the absolute value of the spina! fluid lactic 
acid and its percentage ratio to the blood lactie acid, fell within 
normal limits. The exeeptions to this are rather striking. Ina 
case of brain abscess in which part of the wall of the abscess proved 
at autopsy to be necrotic brain cortex the lactic acid content was 
46mg. percent. In one ease of influenzal meningitis in a child the 
lactic acid content was 91 mg. per cent; and in a ease of streptococ- 
cus meningitis, which was presented at autopsy, the lactic acid 
was 150 mg. percent. Since acetone has been reported in the cere- 
brospinal fluid by (renoese (14) and since the presence of acetone 
interferes with the determination of lactic acid, acetone blanks were 
run and found negative. In both cases sodium nitroprusside tests 
for acetone were also negative. Ina case of xanthochromia caused 
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by trauma 4 days previously, the lactic acid content of the spi- 
nalfluid was both relatively, 140 per cent, and absolutely high, 
35mg. The only case of a spinal fluid lactic acid below the normal 
range occurred in a patient with a positive spinal fluid Wasser- 
mann reaction, but with no other pathological findings in the 


TABLE II. 
Spinal Fluid Lactic Acid, Neurological (Exclusive of Brain Tumors) and 
Miscellaneous Cases. 


=| No. of 
ad ined. 
| 
mg. per | mq. per 
100 cc. | 100 ce. 
Central nervous system lues, 
Wassermann negative............ 7 17-25 21 6S 4 
Central nervous system lues, 
Wassermann positive............. 6 5-27 18 83 2 
20 S7 1 
Acute luetic meningitis.7........... 1 93 57 
Epilepsy (norecent convulsions)....) 3 - 15 SO 2 
Amyotrophic lateral sclerosis... .... 2 18-23 16 S5 
Combined sclerosis................. 1 24 OF) 1 
Cerebral thrombosis (recent origin). 1 17 100 1 
1 24 6S 1 
Epidemic encephalitis (residual). 1 IS 0 
1 46 0 
Miscellaneous diseases not involy- | 
ing nervous system...............| 10 14-23 1S 79 7 


* Percentage ratio of spinal fluid lactie acid to blood lactie aeid. 
+ Same patient; first observation Wassermann reaction positive, second 
observation negative. 


spinal fluid. The lactie acid content of the cerebrospinal fluid 
was5mg. The blood lactic acid was the lowest of the series, 6 mg. 

Lactic Acid Content of Cerebrospinal or Ventricular Fluid of 
Patients with Brain Tumors.—In this series of nine brain tumors 
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(Table III), only three were proven by operation to fulfil definitely 
the condition under which an increased lactic acid content of the 
ventricular or cerebrospinal fluid lactie acid might be expected: 
7.e., that a surface of the tumor should be bathed in the fluid 
from which a specimen for study was obtained. 

A spinal puncture was done in the case of Patient 2237 before 
the true nature of his neurological status was recognized. The 
lactic acid content of the spinal fluid, 24 mg., was within normal 
limits, but the blood lactic acid was low, 10 mg., so that the per- 
centage ratio of the spinal fluid and blood lactie acid was 240. 
At operation a short time afterwards the patient was found to 
have an extensive tumor of the medulla which was grossly di- 
agnosed as a spongioblastoma. <A histological examination could 
not be made because it was inadvisable to remove a specimen for 
that purpose. 

Patient 3711, operated under ether anesthesia, was found to 
have a papilloma about 5 em. in diameter attached to the floor 
of the fourth ventricle and occluding the cerebral aqueduct which 
was dilated to about the size of a lead pencil. The fluid in the 
lateral ventricles was under marked pressure and the lactic acid 
content of this fluid was 33 mg. Histologically the tumor was 
benign, no mitotic figures having been seen. 

Patient B-2582 was an infant who had an epithelial-lined cyst 
of the cerebellum communicating with the fourth ventricle. No 
anesthesia was used to tap this cyst. The lactie acid content of 
the fluid withdrawn was 46 mg. 

Patient 3166 was diagnosed clinically as a brain tumor. She 
was relieved and discharged following an exploratory craniotomy 
and decompression under local anesthesia. No brain tumor was 
located. The lactic acid content of the ventricular fluid was 41 
mg. and the percentage ratio to the blood lactie acid was 205. 

Patients 2609 and 463838, operated under local anesthesia, and 
Nos. C-326 and 3910, operated under ether anesthesia, were found 
to have tumors the surface of which were not in contact with that 
part of the cerebrospinal fluid from which specimens for analysis 
were obtained. No tumor was found at operation in the case of 
Patient 2864. The lactic acid analyses in these cases did not 
deviate from the normal. 
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It is realized that the number of cases of brain tumor in this 
series is too small to establish a diagnostic significance of lactic 
acid analyses of spinal fluid. The evidence thus far accumulated 
suggests, however, that the study of spinal fluid lactic acid and its 
relationship to blood lactic acid in cases of brain tumor is worthy 
of further investigation. 


SUMMARY AND CONCLUSIONS. 


1. Analyses of the lactic acid content of 50 specimens of cerebro- 
spinal fluid are reported. In thirty cases values of the blood lactic 
acid were also determined. 

2. In thirteen normal fluids the lactie acid values varied from 
11 to 27 mg. per 100 ce. 

3. The spinal fluid lactic acid in the normal cases bore the 
ratio of 60 to 100 per cent of the blood lactic acid. The results in 
this series lead to the conclusion that when the percentage ratio 
of spinal fluid lactie acid to blood lactie acid is in exeess of 100, 
pathology of the central nervous system may be suspected. 

4. In fourteen cases of cerebrospinal syphilis the values for 
lactic acid were normal or below. 

5. There was an absolute increase in the spinal fluid lactie acid 
in two cases of acute non-luetic meningitis and in one case each of 
brain abscess and xanthochromia. 

6. Nine cases of brain tumor were studied. The lactie acid 
content of the fluid was absolutely increased in three cases, and 
was relatively increased in one case where no absolute increase 
had occurred. Of the five remaining cases, lactic acid values were 
within normal limits. Tour of these five cases were shown by 
operation to have tumors not in contact with that portion of the 
spinal cord from which the specimen for analysis was obtained. 
In the fifth no tumor was found at operation. 
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ACID MONOBENZOATE (BENZOYL GLY- 
CURONIC ACID).* 
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University of Pennsylvania, Philadelphia.) 


(Received for publication, June 7, 1926.) 


Although the synthesis of hippurie acid following the ingestion 
of benzoic acid has been extensively studied, little attention has 
been paid until recently to the conjugation of benzoie acid with 
glycuronic acid. Csonka (1) found that the pig excreted a con- 
siderable amount of the benzoic acid combined with glycuronic 
acid especially on diets containing little glycine. Ina recent study 
(2) of the conjugation of benzoic acid in the dog, it was demon- 
strated that, from a quantitative point of view, the glycuronic 
acid conjugation was far more important than the hippurie acid 
synthesis in this animal. Since these findings may have value 
in leading to further knowledge concerning detoxication mecha- 
nisms and perhaps to information concerning the possible rela- 
tionship of glycuronic acid to carbohydrate metabolism, it seems 
desirable that the chemistry of the benzoic-glycuronic acid complex 
be studied. Before this can be done successfully it is essential that 
the compound itself be isolated in pure form. Although the exist- 
ence of benzoyl glycuronic acid is fairly well established, it has not 
been either isolated or synthetically prepared. Magnus-Levy 
(3) reported obtaining a strychnine salt of the acid as well as the 
sodium salt which, according to his finding, has [a]?? = +43.86. 
Although he did not isolate the free acid, he stated that it is also 


* The terms benzoyl glycuronie acid and glycuronic acid monobenzoate 
are used interchangeably in the paper. The name benzoyl glycuronie acid 
is retained because the compound has been thus designated in the past, 
but this term should now be dropped in preference to glycuronic acid mono- 
benzoate which expresses the correct chemical structure of the compound. 


AD 


| 
i 
| 
| 
i 
i 
| 
i 
t 
3 


550 Glycuronic Acid Monobenzoate 


strongly dextrorotatory. Contrary to these findings, as pointed 
out in the previous communication, it was observed that urines 
which contained even as high as 2 per cent benzoyl glycuronie acid 
were invariably either optically inactive or slightly levorotatory. 
In searching for the cause of this discrepancy it soon became ap- 
parent that when urines containing benzoyl glycuronie acid were 
rendered alkaline the optical rotation became distinctly positive. 
It seems quite probable that in the past the presence of the com- 
pound in urine has often been overlooked because no positive 
rotation was observed. 

The development of a successful method for the isolation of 
benzoyl glycuronie acid was a relatively easy task. Dog urine 
collected after feeding benzoic acid served as a ready source of 
material. Preliminary experiments showed that a small amount 
of the compound could be obtained by extracting the urine with 
ethyl acetate, but the yields were too poor to warrant employing 
this means for obtaining the amount of material that was desired 
in this research. The preparation of large amounts of pure ben- 
zoyl glycuronic acid was accomplished by the basic lead acetate 
precipitation, but it was necessary to take certain precautions. 
Since the urine had to be made alkaline, or at least neutral for the 
precipitation of the lead salt, the solution was kept ice-cold in order 
to reduce chemical changes of benzoyl glycuronie acid to a mini- 
mum. Speed and low temperatures were also found essential 
in the washing of the precipitate and in its decomposition with 
hydrogen sulfide. By a fortunate set of circumstances the separa- 
tion of hippurie acid from benzoyl! glycuronic acid was exceedingly 
simple. On concentrating the filtrate under vacuum to a small 
volume, most of the hippuric acid precipitated out before any 
appreciable crystallization of benzoyl glycuronie acid occurred. 
The small amount of hippuric acid which separated out with the 
desired product was readily removed by extraction with ether in 
which benzoyl glycuronie acid is only sparingly soluble. 

Benzoyl glycuronic acid is a white crystalline solid which can 
be readily reerystallized from hot water without decomposition. 
It is stable in cold dilute mineral acids, but like the common con- 
jugated glycuronie acids it is hydrolyzed by boiling with dilute 
acids. The compound further resembles other glyeuronic acids 
in that it is levorotatory and is a fairly strong acid. It has a 
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dissociation constant of 1.4 « 10~%. It is interesting to note that 
it is slightly stronger than glycuroniec acid itself which has K = 
1.0 * 107%, while both borneol and menthol glycuronie acid are 
slightly weaker than the free glycuronic acid. Benzoyl glycuronic 
acid differs, however, in many respects from the other conjugated 
glycuronic acids in which the aromatic nucleus is attached to the 
glycuronic acid in glucoside linkage. While these are stable in 
hot alkaline solution, benzoyl glycuronic acid is readily hydrolyzed 
even by weak alkalies. The compound furthermore reduces 
Iehling’s solution directly, whereas the other glycuronic acids 
must first be hydrolyzed before they reduce the common sugar 
reagents.! Benzoyl glycuronic acid, moreover, crystallizes with- 
out water of crystallization, in contrast to the other paired 
glycuronic acids which have one or more molecules of water of 
crystallization. 

The optical rotation of benzoyl glycuronic acid is exceedingly 
interesting. Contrary to the statement of Magnus-Levy that the 
compound is dextrorotatory, the rotation of a carefully purified 
sample of this acid is [a]? = —25.2. The sodium salt has prac- 
tically the same rotation as the free acid for a carefully half 
neutralized solution of the acid shows no change in rotation. In 
an alkaline solution, however, the rotation changes and becomes 
positive. The rate of change appears to depend quite definitely 
upon the hydroxyl ion concentration of the medium. Thus, if the 
acid is dissolved in a 0.1 N sodium carbonate solution, a maximum 
positive rotation is reached almost instantaneously, whereas if a 
similar quantity of the acid is dissolved in 0.1 N sodium bicarbonate 
solution over 12 hours are required before the maximum and 
constant rotation is obtained. In a strongly alkaline solution as 
in 0.1 N sodium hydroxide, a maximum dextrorotation is Imme- 
diately obtained, which in the course of a few minutes decreases 
quite rapidly at first, then becomes nearly constant, and finally 
falls gradually and approaches zero. The decrease in rotation can 
be explained by the hydrolytie action of the strong alkali resulting 
in the formation of sodium glycuronate which has a smaller specifie 


Trichloroethyl aleohol glycuronie acid (urochloralic acid) and tri- 
chlorobutyl aleohol glycuronie acid (urobutyl chloralic acid) reduce Feh- 
ling’s solution directly, due to the presence of the unstable configuration of 
3 chlorines on 1 carbon atom. 
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rotation than the conjugated compound. The final diminution 
in rotation is due no doubt to the destructive action of the alkali 
on the glycuronie acid. No appreciable hydrolysis occurs in a 
solution having a pH of 10 to 11 or less, and the final or maximum 
observed rotation provided no hydrolysis takes place, corresponds 
to a specific rotation of fa}? = +50 to 54. This value is inde- 
pendent of the reaction of the medium, and when it is once ob- 
tained cannot be changed even by acidifying the solution. During 
the change in rotation the pH of the solution remains constant 
from which one ean conclude that the dissociation constant of 
the new substance is not very different from that of the original 
compound. 

This change in rotation appears fairly definitely to be a case of 
mutarotation. It is difficult to conceive of any other explanation, 
for if the change in rotation were due to a more profound intra- 
molecular alteration, it seems rather probable that such a funda- 
mental property as the dissociation constant would be altered. 
The fact that the change of rotation obeys the law for reactions 
of the first order and that the rate of change is influenced by the 
pH of the medium are further evidences in favor of mutarotation. 
The most convincing proof for mutarotation is furnished by the 
action of sodium cyanide on benzoyl glycuronie acid. If a solu- 
tion of the acid is treated with sodium cyanide two reactions 
take place and these can be followed polarimetrically. ‘The first 
of these reactions is mutarotation which is induced by the alkalin- 
ity of the sodium cyanide, and the second is the formation of eyan- 
hydrin resulting from the interaction of the cyanide with the 
aldehyde group. By modifying either the alkalinity of the solu- 
tion or the concentration of the (CN)~ ion one or the other of 
these reactions can be accelerated or retarded. When benzoyl 
glycuronic acid is treated with just a little more than the cal- 
culated amount of sodium cyanide necessary to react completely 
with the aldehyde group, mutarotation is at first the predominating 
reaction and the rotation increases steadily and may reach a 
maximum specific rotation of +5 or more before the eyanhydrin 
formation can reverse the rotation and finally produce a constant 
specific rotation of —4.5 to —5. If, however, a larger amount of 
sodium eyanide is employed and the alkalinity somewhat reduced 
by the addition of a mineral acid the specific rotation again be- 
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comes progressively less levo, but reaches a final value of —4.5 
to —5 without first becoming dextrorotatory as was the case in 
the first experiment. In both cases the final rotation is identical. 
This is what one would expect since both the a and the 6 form of 
benzoyl glycuronic acid must yield the same cyanhydrin. At the 
completion of the reaction, the reducing power of the solution is 
entirely lost indicating the complete conversion of the aldehyde, 
and the alkalinity of the solution is increased due to the fact that 
as the cyanide reacts with the aldehyde the sodium is left un- 
combined. Thus, the benzoyl glycuronic acid which was isolated 
as the crystalline solid from the urine can be considered the pure 
83 form which in alkaline solution mutarotates until an equilibrium 
between the a and the 8 form is reached. 

Since the compound exhibits mutarotation, and reacts with 
hydroeyanie acid without splitting off benzoie acid, it must have 
a free aldehyde group. ‘This is also suggested qualitatively by the 
ease with which the compound reduces the common sugar re- 
agents and in more a quantitative way by the fact that if the 
reducing power of the compound is determined directly, and after 
hydrolysis with an acid, a slight but distinct difference is found. 
Thus, it appears that benzoyl glycuronie acid by virtue of its free 
aldehyde group can reduce the common sugar reagents directly 
and that no preliminary hydrolysis with the liberation of glyeu- 
roni¢ acid is necessary. 

In considering the structure of the compound in the light of this 
present work, the formula (I) assigned it by Magnus-Levy seems 
no longer satisfactory. 
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This formula was proposed to conform to the structure of the 
more common type of conjugated glycuronic acids. In these, 
however, the aromatic molecule possesses a hydroxyl group 
through which it is attached to the glycuronie acid in glucoside 
linkage. The union of a carboxyl group to an aldehyde is at best 
an unusual reaction, and it seems doubtful whether such a type of 
compound has been prepared or isolated. The name benzoyl 
glycuronic acid appears, therefore, misleading and incorrect. 
Since it is fairly certain that the aldehyde group in the compound 
is free, benzoic acid must be attached in ester linkage to one of the 
hydroxyl groups of the glycuronic acid. The name should there- 
fore be 8,d-glycuronic acid monobenzoate. It is impossible at 
this time to specify on which hydroxyl group the benzoic acid is 
attached. Theoretically there are several different structures 
possible, one of which is given to serve as a general illustration 
(II). Linkage through the y-hydroxyl group is ruled out since 
there is nothing to indicate that the compound does not possess 
the butylene oxide structure. 


OH 
| \ 
g HO-C-H 
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H—C 
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8,d-Glycuronic acid a-monobenzoate. 


Since the lactone of the acid was isolated one can also eliminate 
union through the 6-hydroxyl group. This leaves the possibility 
of an a- and a 6-monobenzoate. The structure proposed needs 
more definite experimental proof, but it serves as a working hy- 
pothesis. Further work on the structure is being carried out. 
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From a physiological point of view glycuronic acid monoben- 
zoate offers several points of interest. The fact that it possesses a 
free aldehyde group contradicts the Sundwik (4), Fischer-Piloty 
(5) theory of glycuronic acid formation, which postulates that 
when certain hydroxyaromatic compounds are fed they are first 
linked to glucose in glucoside linkage which protects the aldehyde 
group and allows oxidation of the primary alcohol of the sugar. 
The synthesis of glycuronic acid monobenzoate indicates that the 
body can replace the primary alcohol by a carboxyl group even 
when the aldehyde is free. The precursor of glycuronic acid is 
not known, but unpublished experiments on depancreatized dogs 
show that the production of glycuronic acid is accompanied by a 
corresponding decrease in sugar excretion, indicating that glycu- 
ronic acid and glucose probably have the same precursor when 
derived from protein. Whether glycuronic acid is derived from 
the oxidation of glucose, or whether it is synthesized directly in a 
manner comparable to the conversion of lactic acid to glucose in 
the perfusion of a liver (Embden) are questions that cannot be 
answered until more experimental data are available. 

Since man does not excrete any appreciable amounts of benzoic 
acid paired with glycuronic acid, it seemed interesting to see what 
would happen if glycuronic acid monobenzoate were eaten. Since 
the glycuronic acid conjugation is considered a detoxifying mecha- 
nism it seemed highly probable that the ingested material should 
appear unchanged in the urine, but this did not happen. No 
detectable trace of either free or combined glycuronic acid was 
excreted in the urine, but a distinct increase in hippuric acid re- 
sulted. Instead of a rapid elimination of benzoic acid such as 
occurs when the free acid is eaten, the elimination was slow. This 
preliminary experiment leads one to conclude that the human body 
can utilize glycuronic acid. From the point of view of body 
economy it is rather difficult to understand either the purpose or 
the advantage resulting from the removal of the glycuronic acid 
and the substitution in its place of a molecule of glycine. 

The union of glycuronic acid with benzoic acid offers another 
point of interest in that it is a biological synthesis in which a car- 
bohydrate molecule is conjugated with an acid. The close rela- 
tionship between the oxidation of fatty acids and carbohydrate 
metabolism leads one to speculate whether a somewhat similar 
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type of conjugation between the fatty acid and a carbohydrate 
group may not take place before oxidation occurs. 


EXPERIMENTAL, 


Preparation of Glycuronic Acid Monobenzoate (Benzoyl Glycuronic 
Acid). 

Several dogs were given 5 to 10 gin. of benzoic acid daily. The 
free acid was administered rather than the sodium salt in order 
to help produce an acid urine in which glycuronie acid monoben- 
zoate is most stable. By mixing the drug with the food, vomiting 
and other gastrointestinal disturbances were avoided. The 
urine was preserved with dilute acetic acid and toluene. The 
urine obtained after 30 to 50 gm. of benzoic acid had been fed was 
treated with lead acetate until no further precipitation occurred. 
The filtrate obtained was cooled by adding cracked ice and then 
carefully treated with cold dilute ammonium hydroxide. When 
the solution was nearly neutral to litmus, ice-cold saturated basic 
lead acetate solution was added until the precipitation was com- 
plete. The lead precipitate was washed with several liters of cold 
water as rapidly as possible, and then decomposed with hydrogen 
sulfide. The latter procedure was carried out in a large flask 
provided with a mechanical stirrer which greatly facilitated the 
decomposition of the lead salt. The solution was kept cold by 
adding cracked ice directly to the reaction flask. Speed and low 
temperatures were found to be essential factors which, if neglected, 
greatly reduced the yield and made the isolation of the compound 
difficult. The filtrate from the lead sulfide precipitation was con- 
centrated by vacuum distillation to about 100 to 200 ec. At this 
point most of the hippuric acid erystallized out and was filtered 
off. The filtrate was placed in the ice box, and after several hours 
the precipitation of glycuronic acid monobenzoate was practically 
complete. The product was filtered off, and washed with a small 
amount of cold water. The yield of the crude product varied 
from 5 to 12 gm. It was nearly colorless, but almost always con- 
tained about 10 per cent hippuric acid. Reerystallization from 
hot water removed the last traces of coloring matter, but did not 
help to get rid of the hippuric acid. The latter impurity was 
readily removed, however, by covering the product with sufficient 
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ether to dissolve all the hippuric acid present. It was roughly 
determined that 100 cc. of ether dissolved about 180 mg. of 
hippuric acid. Sometimes a second extraction was necessary. 
There was little loss of glycuronic acid monobenzoate since its 
solubility in ether is slight. 


Analysis of Glycuronic Acid Monobenzoate. 


Benzoic Acid-—0.2 gm. of the sample was dissolved in 20 ce. 
of x hydrochlorie acid and refluxed 15 minutes in a Kjeldahl flask 
provided with a Hopkins condenser. The hydrolysate was washed 
into a small separatory funnel with 30 ec. of water. After adding 
15 gm. of ammonium sulfate, the solution was extracted with four 
25 ce. portions of washed chloroform. The united extracts were 
shaken with 50 ec. of saturated sodium chloride solution, then 
filtered through a dry filter paper and titrated with 0.1 N sodium 
ethylate solution. A control determination using sodium ben- 
zoate gave quantitative recovery. 

An alternate method using 0.1 N sodium hydroxide as the 
hydrolyzing reagent, instead of an acid, gave equally satisfactory 
results. 

Glycuronic Acid. Since glycuronie acid monobenzoate reduces 
sugar reagents directly, no preliminary hydrolysis is necessary as 
in the case of other conjugated glycuronic acids. This fact was 
made use of by Csonka (1) who determined glycuronic acid mono- 
benzoate (benzoyl glycuronic acid) directly in urine, using the 
Benedict sugar method. He did not make a preliminary basic 
lead acetate precipitation as the writer erroneously stated in his 
previous papers. Although the substance reduces alkaline copper 
solutions directly, it was found that the reducing power was 
slightly less than if it was previously hydrolyzed by dilute acid. 
Using the Shaffer-Hartmann method, theoretical values for glycu- 
ronic acid were obtained on the hydrolyzed product, but only 98 
per cent of the theoretical if the analysis was carried out on the 
product directly. The procedure of analysis was as follows: 
100 mg. of glycuronic acid monobenzoate were hydrolyzed by 
boiling with 10 ce. of N hydrochloric acid under a reflux condenser 
for 10 minutes. The solution was then neutralized, diluted to 50 
ec., and analyzed by the Shaffer-Hartmann method using the com- 
bined carbonate-citrate reagent. The reducing power as found in 
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terms of glucose was converted to glycuronic acid by the factor 
1.085. 


Analysis. 

Benzoie acid. 

Sample 0.2 gm. Found 0.0805 gm. Calculated 0.0818 gm. 
. Glycuronic acid. 

Sample 0.1 gm. Found 0.0655 gm. Calculated 0.0651 gm. 

Titration with 0.1 nN sodium hydroxide. 

Sample 0.2 gm. Required 6.7 cc. Calculated 6.7 ce. 


Glycuronic acid monobenzoate crystallizes in small needles 
which have a tendency to appear as little rosettes. The substance 
melts with decomposition at 170-172°. On further heating char- 
ring occurs with a simultaneous sublimation of benzoic acid. Its 
solubility in water at 20°C. is about 3 parts per hundred. It is 
readily soluble in methyl alcohol but much less in ethyl alcohol, 
and only sparingly in ethyl acetate and ether. The acid has a 
pronounced acid taste without any distinct sweetness or bitterness. 
The dissociation constant of 1.4 * 10~* was obtained colorimetric- 
ally both from the hydrogen ion concentration of a 0.1 N solution 
of the acid and from the mid-point of its titration curve. 

The compound readily reduces directly all the common qualita- 
tive sugar reagents, including Barfoed’s. In all these tests it is 
impossible to avoid hydrolysis, and free benzoic acid can be iso- 
lated from the reaction mixture. When treated with phenyl- 
hydrazine in the usual fashion a mixture of products was obtained 
which were not further investigated. 

Optical Rotation.—The rotation observed for either a 1 or 2 
per cent aqueous solution of glycuronic acid monobenzoate was: 

100 X — 1.01° 


A similar rotation was observed when the compound was dis- 
solved in 0.1 N hydrochloric acid. No change in rotation was 
observed on standing in either the aqueous or acid solution. 

On carefully half neutralizing a solution containing 0.2 gm. of 
the free acid by adding 3.35 cc. of 0.1 N sodium hydroxide a rotation 
of [a]? = —25 was obtained. The solution was vigorously 
stirred during the titration to prevent high local concentration 
of alkali which might induce a change in the rotation. 
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TABLE IL. 
Change in Rotation in Sodium Bicarbonate Solution. 
100 mg. of the acid were dissolved in 25 ce. of 0.1 N NaHCQO;. The pH 


of the resulting solution was 8.4 to 8.6. 


Time. ki + log - 
min. 
0 —25.0 
15 — 20.0 0.0046 
30 —16.2 0.0042 
45 —12.5 0.0040 
60 —7.5 0.0044 
75 0.0041 
105 +2.5 0.0043 
165 +12.5 0.0042 
240 +21.2 0.0040 
300 +27.5 0.0040 
360 +31.2 0.0038 
420 +33.7 0.0037 
Equilibrium............ 50.0 Average. 0.0041 
TABLE II. 


Change in Rotation in 0.034 M Sodium Carbonate Solution. 
100 mg. of glycuronic acid monobenzoate were dissolved in 25 cc. of 


0.034 mM sodium carbonate. 


added was about 9.2. 


The pH of the solution after the acid was 


Time. [a], kit ke = 
min. 
0 — 25.0 
5 +5.0 0.101 
10 +23.8 0.105 
15 +35.6 0.110 
20 +42.5 0.115 
25 +45.0 0.108 
30 +46.9 0.106 
Equilibrium............ 50.0 Average. 0.107 


In a completely neutralized solution, it was difficult to get con- 
stant results. A change of rotation which depended upon the 
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pH of the medium resulted, but since it was difficult to titrate 
to a fixed pH or to maintain it constant in the unbuffered solution, 
the rate of change could not easily be measured. The use of 
buffered solutions made it possible to determine the effect exerted 
by the hydroxyl ion concentration on the speed of mutarotation. 


Altempt to Prepare Dextro-Glycuronic Acid Monobenzoate. 


1 gm. of glycuronic acid monobenzoate was dissolved in 150 ec. of 
water and treated with 35 ec. of 0.1 N barium hydroxide. After 10 
minutes the rotation obtained was [a]? = +44. The barium was 
precipitated by a calculated amount of sulfuric acid, and after the 
removal of the barium sulfate the filtrate was concentrated under 
vacuum to 17 ec. The specific rotation remained unaltered. 
Further concentrations yield a syrup which failed to erystallize. 
From colorimetric pH determinations, the dissociation constant 
was found to be about 1.3 & 107°. 


Action of Sodium Cyanide on Glycuronic Acid Monobenzoate. 


The reaction between sodium cyanide and glycuronic acid 
monobenzoate was studied by means of the polariscope. No at- 
tempt was made to isolate the final product. Theoretically 0.033 
gm. of sodium cyanide are required to react with 0.2 gm. of glycu- 
ronic acid monobenzoate, but practically about 0.045 gm. are 
necessary to convert completely the aldehyde to the ceyanhydrin. 
The alkalinity of the solution increases as the reaction progresses. 


Acid Lactone of Glycuronic Acid Monobenzoate. 


On extracting with ether the concentrated mother liquor from 
which glycuronic acid monobenzoate had been isolated, a tarry 
extract was obtained which after standing several days partially 
crystallized. On reerystallizing this crude product, a small quan- 
tity of a yellowish granular material was obtained. The substance 
fused at 98-102° and on further heating decomposed with the 
sublimation of benzoic acid. On titrating a sample with sodium 
hydroxide using phenolphthalein as indicator a red color was 
obtained immediatly which gradually faded giving a typical 
fading end-point which no doubt is accounted for by the slow 
hydrolysis of the lactone. ‘This is in marked contrast to the free 
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TABLE III. 
Experiment 1. 
0.2 gm. of glycuronic acid monobenzoate and 0.045 gm. of sodium cyanide 
were dissolved in water and diluted to 20 ec. The initial pH of the solution 
was about 8.6. 


Time. lal, 
min, 

0) —27.0 
25 —6.0 
45 —1.5 
SO +4.0 

110 +5.5 
155 +3.0 
190 0.0 
215 —1.0 
290 —4.0 
390 —4.5 
70 —4.5 
TABLE IV. 


Experiment 2. 
0.2 gm. dissolved in 10.5 ce. of 0.1 N hydrochloric acid was treated with 
0.1 gm. of sodium eyanide, and the resulting solution diluted to20ce. The 
initial pH was approximately 8.4. 


Time, la) 
min. 

0) —27.9 
15 — 25.0 
45 —17.9 
69 —13.5 
90 —12.0 

105 —10.0 
120 —9.0 
150 —6.0 
165 —5.0 
195 —5.0 
24 hrs. —5.0 


acid which gives a sharp end-point. On adding the solid material 
to a strong solution of sodium carbonate there was no visible 
evolution of carbon dioxide, and the substance was dissolved only 


| 

i 

| 
| 
| 

| 

| 

| 

| 

| 


562 Glycuronie Acid Monobenzoate 


slowly, while if the free acid was added to a sodium carbonate 
solution there was an immediate and vigorous evolution of carbon 
dioxide, and the substance was dissolved almost instantly. Like 
the lactone of glycuronic acid itself, the substance has a bitter 
taste, whereas the acid has a strong acid taste with no suggestion 
of bitterness. The optical rotation determined on a 2 per cent 
aqueous solution was [a]? = +48. On analysis the glycuronic 
acid content was found to be the same as for the acid which makes 
it appear that the lactone has 1 molecule of water of crystalliza- 
tion. The small amount of material made it impossible to obtain 
the compound in a high state of purity and therefore the physical 
constants are only approximations. The general chemical be- 
havior of the compound fairly definitely indicates, however, that 
it is the acid lactone of glycuronic acid monobenzoate. 


Preparation of the Methyl Ester of Glycuronic Acid Monobenzoate. 


2 gm. of glycuronic acid monobenzoate were dissolved in 15 ce. 
of methyl] alcohol and the solution immersed in ice. Dry hydrogen 
chloride was passed through until the solution became saturated. 
The crystalline methyl ester precipitated out and in the course of a 
few minutes the solution turned into a semisolid mass. The 
precipitate was filtered off and washed with a small amount of 
cold methyl alcohol. The yield of methyl ester was 1.5 gm. It 
was pure white and had a matted silky appearance. Its solubility 
in water is about 1 part per 500. It melts at 178-180° with partial 
decomposition. The rotation of a 0.2 per cent solution is 


= 
D 0.2 x 4 


On adding a drop of concentrated ammonia, mutarotation occurs 
and a final and constant value [a]? = +35 to 37 is obtained. 


Analysis. 
Sample 0.100gm. Glycuronic acid found 0.0638, calculated 0.0622. 


When the methyl ester was allowed to remain in the methyl 
alcohol saturated with hydrogen chloride it was gradually dis- 
solved. In the course of a few hours the solution became strongly 
dextrorotatory and completely lost its power to reduce Fehling’s 
solution. The loss of reducing power is explained by the formation 
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of the methyl glucoside. This procedure, therefore, offers a pos- 
sible means for the preparation of the methyl ester, methyl gluco- 
side, of glycuronic acid monobenzoate. 


SUMMARY. 


The compound which is commonly known as benzoyl glycuronic 
acid was isolated in pure crystalline form from dog urine collected 
after feeding benzoic acid. <A study of the chemistry of the sub- 
stance indicates that the benzoic acid is attached in ester linkage 
to one of the hydroxyl groups of glycuroniec acid and not, as was 
formerly assumed, to the aldehyde group to forma glucoside. The 
correct chemical name of the compound is, therefore, glycuronic 
acid monobenzoate. 

The compound gives many of the typical reactions of a carbo- 
hydrate having a free aldehyde or ketone group. It shows muta- 
rotation in alkaline solution and the rate of change is dependent 
upon the hydroxyl ion concentration. Glycuronic acid mono- 
benzoate furthermore reduces the common sugar reagents directly, 
and it reacts with hydrocyanic acid with a complete loss of its 
reducing power. 

Two derivatives were studied, the acid lactone of glycuronic 
acid monobenzoate which was isolated from the mother liquor 
from which glycuronic acid monobenzoate had been obtained, and 
the methyl ester which was prepared synthetically. 
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A RESPIRATION APPARATUS FOR SMALL ANIMALS. 
By G. L. FOSTER anv EF. 8S. SUNDSTROEM. 


(From the Division of Biochemistry and Pharmacology, University of 
California Medical School, Berkeley.) 


(Received for publication, June 17, 1926.) 


The apparatus described herein has given satisfactory service 
in this laboratory for the past 2 years in a series of studies on the 
metabolism of rats under various conditions. 

Referring to Fig. 1 it will be seen that the apparatus is of the 
closed circuit type. B is the animal chamber, a 15 or 20 em. 
tubulated desiccator. The animal lies on a wire cloth floor over 
sulfuric acid which prevents excessive humidity. The tubulation 
carries three glass tubes passing through a rubber stopper. One 
of these tubes connects the chamber with the oxygen reservoir, 
(. The two other tubes (5 mm. inside diameter) connect with 
the carbon dioxide absorbers, A, one tube ending just below the 
stopper, the other passing through the wire cloth and ending just 
over the sulfurie acid. Since, in our work we desired the true 
basal metabolism, the temperature of the animal chamber was 
maintained at 28-29°C., in one case by immersion of the chamber 
in a water bath, in another by mounting the whole apparatus in 
a constant temperature room. It is essential te have a ther- 
mometer in the animal chamber. 

The oxygen reservoir, C, is a bottle of about 13 liters capacity 
fitted with a manometer tube (6 mm. inside diameter) and con- 
nected by a two-way stop-cock with the animal chamber or with 
the atmosphere. At the beginning of an experimental period the 
two-way cock is momentarily opened to the atmosphere, thus 
insuring atmospheric pressure within the system. As oxygen is 
absorbed by the animal, water is admitted from a burette drop 
by drop through the manometer tube to keep the pressure con- 
stant. The oxygen reservoir is protected against temperature 
changes by immersion in a water bath. 
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The carbon dioxide absorbers, A, are made from 500 ec. Kjeldahl 
flasks. The neck of the flask is cut short and flared to take a 
rubber stopper. Two such bulbs are connected at the bottoms 
by a glass tube about 18 cm. long and 16 mm. inside diameter 
slightly bent as shown in the diagram. ‘Two pairs of these ab- 
sorbing bulbs are mounted by means of brass spring clips on a 
wooden frame which is rocked at the rate of ten excursions per 
minute by the motor-driven excentric. Each pair of absorbers 
is charged with 400 cc. of standardized N/10 barium hydroxide 


A- oxide obsorbers contoinin 
Gator, solution. 
Animal chamber. seateining conc. 5%, 


c- Oxygen, stopcock. monometer and 
Fra. 1. 


solution which flows back and forth from one bulb to the other 
as the absorbers are rocked, thereby drawing air from the animal 
chamber in and out of contact with the barium hydroxide solution 
effectively washing out the carbon dioxide. The tubes leading 
from the absorbers are fitted with stop-cocks (5 mm. bore) as 
shown in the diagram so that either pair of absorbers may be con- 
nected with the animal chamber. The back pair is used for a 
preliminary period of about 30 minutes while waiting for the 
animal to become quiet and for the temperature and humidity 
within the system to reach equilibrium. The front pair is used 
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for the experimental period. The necessity of a preliminary 
period of about 30 minutes is imperative since introduction of the 
animal into the chamber causes changes in temperature and 
humidity which must become complete before oxygen measure- 
ments can be begun. 

The carbon dioxide output is determined by titration of the 
excess barium hydroxide. The volume of oxygen absorbed is 
obtained from the volume of water which must be added to the 
oxygen reservoir to maintain atmospheric pressure. This volume 
of gas displaced from the oxygen reservoir must be corrected for 
water vapor since changes of humidity in the animal chamber have 
ceased before oxygen measurement is begun. 

A sample experiment taken at random from one of our books 
will illustrate the use of the apparatus. 


June 3, 1926. Fasting rat, weight 125 gm. 20 minute period. Animal 
quiet. Temperature of animal chamber 30°C. 


400 cc. of 0.068 n Ba(OH); in absorber (1 cc. = 0.76 ce. CO, at 0° + 
760 mm. Hg). 

Back titration 95.6 ec. of HCl each cc. of which is equivalent to 3.68 ce. 
of the Ba(OH): solution. 


400 — (3.68 K 95.6) > X 0.76 = 36.6 ec. COr. 


Volume of water added to oxygen reservoir 54 cc. 
Temperature of oxygen reservoir 23°C., whence tension of water vapor 
in oxygen reservoir = 21mm.Hg. Barometer 755. 
755 — 21 = 734 


- x ~ xX 54 = 48.1 ec. O2 dry at 0°C. and 760 mm. Hg. 
CO, 36.6 

—— = R.Q. 0.76 


From which, using the modified Zuntz and Schumburg table 
of heat values of oxygen and neglecting the protein factor, we 
calculate the metabolism at 5.5 calories per kilo per hour. 

Using a lamp which burns with a very small flame we have ob- 
tained satisfactory alcohol checks. In making these checks it 
was impossible on account of the preliminary period to weigh 
the alcohol which burned, but since oxygen and carbon dioxide 
are measured by totally independent processes we have relied 
upon the quotient only. 
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The following values for r.q. of the aleohol lamp were obtained 
with one apparatus. 


June 10, 1926 a series of checks thus: 0.671, 0.680, 0.668, 0.665, 
0.687, 0.681; 
and by two other observers using another apparatus of the same type, 0.662 
and 0.680. 


We have used the apparatus for periods of 20 minutes or longer 
with rats. By having an extra pair of absorbing bulbs one can 
obtain a continuous series of short period observations. 
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THE CONFIGURATIONAL RELATIONSHIPS OF 2-HY- 
DROKXY, 3-HYDROXY, AND 4-HYDROXY ACIDS.* 


II. CONVERSION OF DEXTRO-1-AMINO-3-HYDROXY BUTANE INTO 
DEXTRO-1,3-DIHYDROXY BUTANE. 


By P. A. LEVENE anp H. L. HALLER. 
(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, June 16, 1926.) 


In previous publications! the following facts and conclusions 
bearing on the present problem have been emphasized. 

1. Dextro-3-hydroxybutyrie acid was converted into dextro- 
j-amino-2-hydroxypropane. 

2. On deamination of the above base, prepared either from 3- 
hydroxybutyrie acid or from propylene oxide, a dextrorotatory 
product was obtained. The substance had the correct boiling 
point for propylene glycol. When larger quantities of the amine 
were available and the product of deamination could be fraction- 
ated, a fraction was obtained which analyzed correctly for propy- 
lene glycol. | 

3. From the products deseribed in (2) a diurethane was obtained 
which analyzed correctly for the diurethane of propylene glycol. 
The rotation of the substance was in the opposite direction from 
that of the amine and from that of its deamination product. 

4. Dextro-lactie acid was reduced to propylene glycol. The 
glycol was not always isolated in pure form. In every case the 
product rotated in the same direction as the parent acid and in 
every case it was unmistakably identified in the form of its diu- 


* Submitted by H. L. Haller in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy in the Faculty of Pure Science of 
Columbia University. 

1 Levene, P. A., and Haller, H. L., J. Biol. Chem., 1925, Ixv, 49; 1926, 
Ixviil, 329; Ixix, 165. Levene, P. A., and Walti, A., J. Biol. Chem., 1926, 
Ixvili, 415. 
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rethane which was levorotatory. In (3) it was shown that the 
levo-diurethane is a derivative of dextro-propylene glycol. 

5. Inasmuch as from the two parent substances, dextro-3-hy- 
droxybutyric and dextro-lactic acids, levorotatory diurethanes were 
obtained, and inasmuch as the reactions leading to the diurethanes 
did not involve any operation on the asymmetric carbon atom, 
it is to be concluded that the two parent substances .are configura- 
tionally related. 

6. Dextro-3-hydroxybutyric acid was reduced to dextro-1,3- 
dihydroxybutane. It was identified as its di- (phenylurethane) 
which was dextrorotatory. 

7. Dextro-4-hydroxyvaleric acid was converted into dextro-1- 
amino-3-hydroxybutane, which on deamination gave a dextro- 
rotatory product. 

Points (6) and (7) were indicative of a configurational relation- 
ship between dextro-3-hydroxybutyric and dextro-4-hydroxyva- 
leric acids. More rigorous proof, however, was desired and such 
was furnished by the results of the experiments to be presented in 
this communication. A larger quantity of dextro-l-amino-3- 
hydroxybutane was prepared and this was deaminated. The 
product of the reaction was distilled under reduced pressure. 
The fraction distilling at 103-107°C. and 14 mm. pressure was col- 
lected. 1,3-Dihydroxybutane described by Halpern? boiled at 
114°C. and 20 mm. pressure. The product obtained by us had a 
specific rotation of [a]; = + 18.5° and analyzed as follows: 


C 50.82, H 11.08. Theory requires C 53.33, H 11.11. 


The yield from 10 gm. of the amine hydrochloride was about 2 gm. 
From this product a di- (phenylurethane) was obtained, the yield 
of which was nearly theoretical. It analyzed correctly and had a 
specific rotation of [a]; = + 55.° Thus, a dextrorotatory diure- 
thane of 1,3-dihydroxybutane was prepared from the reduction 
product of dextro-3-hydroxybutyric and from dextro-4-hydroxy- 
valeric acids. Inasmuch as each of the acids has only 1 asymmet- 
ric carbon atom and inasmuch as this carbon atom was not 
involved in the set of reactions leading to the diurethane, it is 
evident that the two substances are configurationally related. 


* Halpern, J. H., Monatsh. Chem., 1901, xxii, 63. 
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It is noteworthy that the ratio of the specific rotation of the 
diurethane to that of the product of reduction of the 3-hydroxy- 
butyric atid on one hand, and of the diurethane to the deamina- 
tion product of 1l-amino-3-hydroxybutane on the other hand, is 
the same; namely, 3:1. From this the conclusion may be drawn 
that the direction of rotation of the product of deamination of the 
hydroxy base and that the reduction product of 3-hydroxybutyric 
acid are determined by the direction of the rotation of the glycol. 
Indeed, in the series lactic acid and 3-hydroxybutyric acid a similar 
conclusion was drawn from the experimental results obtained. 
(;ranting that this conclusion is correct, it follows that configura- 
tionally related 1-amino-3-hydroxybutane and_ 1,3-dihydroxy- 
butane rotate polarized light in the same direction. It must be 
added, however, that the conclusion regarding the configurational 
relationship of 4-hydroxyvaleric and 3-hydroxybutyric acids does 
not depend on the conclusions regarding the direction of the rota- 
tions of the glycols. Their configurational relationship is rigor- 
ously proven by the fact that the urethanes of the glycols prepared 
from them rotate in the same direction. 

Thus, it is definitely established that dextro-lactic, dextro-3- 
hydroxybutyric, and dextro-4-hydroxyvaleric acids are configura- 
tionally related. 

It is noteworthy that in all these acids the metallic salts have 
a lower dextrorotation than the corresponding free acids. This 
relationship was found previously to be the property of the 2- 
substituted acids belonging to the / series. This property was 
made a basis for a rule of differentiating between 2-substituted 
acids of the 1 and d series. The rule may be now extended also to 
acids substituted in positions 3 or 4. 

The 1-amino-3-hydroxybutane used in the experiments described 
in the present communication was prepared from 4-hydroxyvaleric 
acid by the Curtius method. However, one step of the original 
process had to be modified; namely, when the symmetrical di- 
(hydroxybutyl) urea formed by the Curtius process was hydro- 
lyzed by means of hydrochloric acid according to directions of 
Curtius, the resulting hydroxyamine was nearly entirely race- 
mized so that it could not be used for further work. This occur- 
rence was unexpected inasmuch as the hydrolysis with hydro- 
chlorie acid of di- (hydroxypropyl) urea was accomplished with 
only moderate racemization. 
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The extreme degree of racemization, however, was avoided when 
the substituted urea was hydrolyzed by means of barium hydrox- 
ide. This success may be attributed to the fact that in the alka- 
line hydrolysis the time and the temperature of reaction were 
reduced from those necessary to accomplish the same reaction by 
acid hydrolysis. 

It may be added that this modified method of Curtius gave a 
better yield of the base in proportion to the parent 4-hydroxy- 
valeric acid than the process of Hofmann. 


SUMMARY. 


1. By a modification of the Curtius method it was possible to 
prepare a considerable quantity of dextro-l-amino-3-hydroxy- 
butane. 

2. From the deamination product of the base it was possible to 
obtain a product which has a boiling point approaching that of 1, 
3-dihydroxybutane and which rotates polarized light in the same 
direction as the parent amine. 

3. From the product referred to in (2) a di- (phenylurethane) 
was obtained which rotated polarized light in the same direction 
as the di- (phenylurethane) obtained from the product of reduction 
of the dextro-3-hydroxybutyric acid. 

4. The conclusion is therefore reached that dextro-3-hydroxy- 
butyric and dextro-4-hydroxyvaleric acids are configurationally 
related and that both are configurationally related to dextro- 
lactic acid. Hence, the three substances belong to the l series. 

5. The free dextro-4-hydroxyvaleric acid has a higher dextro- 
rotation than its metallic salts and in this respect behaves as lactic 
and 3-hydroxybutyrie acids of the / series. 


EXPERIMENTAL. 


Sym-Di- (Levo-n-3-Hydroxybutyl) Urea.—This substance was 
obtained by the procedure previously described.* Levo-y-valero- 
lactone (fa], = — 24.4°) was converted into the hydrazide, which 
was then converted into the urea derivative. In absolute alco- 
hol it had the following rotation. 


1.35° 100 


[a] l x 3 ae 45°. 


3 Levene, P. A., and Haller, H. L., J. Biol. Chem., 1926, |xix, 165. 
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Dextro-3-H ydroxybutyl Amine.—7.0 gm. of the above urea de- 
rivative were dissolved in 125 ee. of water and 14 gm. of hydrated 
barium hydroxide added. The mixture, in a round bottom flask 
under a return condenser, was brought to the boiling point during 
the course of 10 minutes. Gentle boiling was then maintained for 
5 minutes. The mixture was cooled to 5°C. and filtered on a 
Buchner funnel. The filtrate was again treated with barium 
hydroxide (7 gm.), the mixture cooled, and carbon dioxide passed 
into it until precipitation of the barium carbonate was completed. 
After filtering, the solution was made acid to Congo red with 
hydrochloric acid and concentrated under diminished pressure to 
a thick syrup. For purification, the substance was converted 
into the chloroplatinate, which, after one recrystallization from 
methyl alcohol, melted with decomposition at 206°C. It analyzed 
as follows: 


0.1024 gm. substance: 0.0631 gm. CO, and 0.0388 gm. HO. 


0.1012 : 0.0334 ‘ Pt. 
C sH»2O.N.PtCl,-2HCl. Caleulated. C 16.33, H 4.08, Pt. 33.1. 
lound. ** 16.80, 4.24, °* 32.94. 


In water it had the following rotation. 


+ 1.55° 100 


[a], = = + 8.6°. 


Dextro-1,3-Dihydroxy5utane.—15.6 gm. of the above 3-hydroxy- 
butylamine chloroplatinate were dissolved in 159 ee. of water and 
the platinum was precipitated with hydrogen sulfide. After filter- 
ing, the solution was concentrated under diminished pressure to 
45ee. It contained 0.669 gm. of nitrogen, all of which was present 
as amino nitrogen. This solution had the following rotation. 

+ 3.15° 100 
2X 13.3 


= 


The above solution was deaminated with potassium nitrite. 
The nitrite, dissolved in a small amount of water, was slowly added 
to the solution which was vigorously shaken and at first was kept 
eold (5°C.). After 2 equivalents of nitrite had been introduced, 
the solution was warmed to room temperature and the addition 
of nitrite continued until 6 equivalents had been added. The 
solution was warmed on the water bath, cooled to room tempera- 
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ture, 2 equivalents of hydrochloric acid added, and then 2 equiva- 
lents of potassium nitrite. The solution was then free of amino 
nitrogen and was acid to litmus paper but not to Congo red. It 
was evaporated to dryness under diminished pressure and the 
residue extracted with a solution of 2 parts of alcohol and 1 part 
of ether. After removal of the solvent, the glycol was distilled. 
It boiled at 103-107°C. (p = 14 mm.). 
In absolute alcohol it had the following rotation. 


= + 1.85° & 100 
0.1028 gm. substance: 0.1916 gm. CO, and 0.1018 gm. H.O. 


C Hy Qs. Calculated. C 53.33, H 11.11. 
Found. 50.82, 11.08. 


= + 18.5°. 


Diurethane of 1,3-Dihydroxybutane.—1 part of the above glycol 
and 3 parts of phenylisocyanate in a flask provided with a calcium 
chloride tube were heated in a metal bath at 100°C. for 45 minutes. 
The reaction mixture crystallized on standing overnight. It was 
washed several times with petroleum ether and then recrystallized 
from 80 per cent alcohol. The recrystallized substance melted at 
122-123°C. and analyzed as follows: 


0.0984 gm. substance: 0.2374 gm. CO, and 0.0554 gm. H,0O. 


0.1000 ‘* “ : required 6.05 ec. 0.1 N HCl. 
CisH2oN204. Calculated. C 65.86, H 6.10, N 8.53. 
Found. “* 65.78, ‘‘ 6.23, ‘‘ 8.47. 


In absolute alcohol it had the following rotation. 


_ +1.70° X 100 


Since this paper has been submitted for publication, we have 
prepared dextro-6-butylene glycol from acetaldol by reduction 
with yeast, as described by Neuberg and Kerb.‘ The glycol 
thus obtained was converted into a di-(phenylurethane) which 
was dextrorotatory. The ratio of the specific rotation of the 
urethane derivative to the specific rotation of the glycol was 
approximately 3:1. Thus, the above conclusions are further 
substantiated. 


‘Neuberg, C., and Kerb, E., Biochem. Z., 1918, xcii, 96. 


THE SO CALLED OXYGEN CONTENT OF METHEMO- 
GLOBIN. 


By JAMES B. CONANT ano NORMAN D. SCOTT. 
(From the Chemical Laboratory of Harvard University, Cambridge.) 


(Received for publication, June 15, 1926.) 


The relation of methemoglobin to oxyhemoglobin and reduced 
hemoglobin has been the subject of a controversy lasting more 
than 40 years which appears to be still in progress today. Within 
the last few years Roaf and Smart (1), Quagliariello (2), and very 
recently Nicloux (3) have argued that methemoglobin contains 
half the oxygen of oxyhemoglobin. This is expressed by the 
formula HbO or Hb(OH)s. On the other hand Kiister’s formula- 
tion of methemoglobin as a ferri compound (4) has been supported 
by the work of von Reinbold (5) and Meier (6, 7) and the papers 
published from this laboratory (8, 9). In terms of oxygen con- 
tent this means that methemoglobin contains only one-quarter of 
the oxygen of oxyhemoglobin and was originally expressed by 
Kiister by the formula HbOH (= Hb,0). 

As a result of the electrochemical study of the system methemo- 
globin-hemoglobin, it became evident that there was a striking 
analogy between the relation of these two proteins and the com- 
ponents of such a reversible oxidation-reduction system as ferricy- 
anide and ferrocyanide. In both cases 1 hydrogen equivalent (half 
an oxygen atom) is involved in the process of oxidation and reduc- 
tion, in both cases the oxidation or reduction is rapid, and in both 
cases significant oxidation-reduction potentials may be measured. 
Strictly speaking ferricyanide has no oxygen content nor, in our 
opinion, is there any available oxygen as such in methemoglobin. 
If one chooses to express oxidation in terms of oxygen, however, 
one would say that ferricyanide as an oxidizing agent is equivalent 
to half an atom of oxygen and a similar mode of expression may be 
applied to methemoglobin. We prefer to formulate hemoglobin 
and related substances as complex iron compounds and have 
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presented in some detail such coordination formulas in previous 
papers (8,9). They have since been adopted with a slight modi- 
fication by Kiister (10). 

Such formulas are given below in a simplified form together 
with equations for the oxidation of hemoglobin by ferricyanide 
and the reduction of methemoglobin by hydrosulfite. As far as 
the oxidizing equivalents are concerned these formulas are com- 
pletely in accord with Kiister’s original formula for methemoglobin 


(HbOH). 


Isoelectric. Sodium salt. 
Methemoglobin (ferri compound)............. H.X 
Hemoglobin (ferro compound)................ H,X Na3X 
Oxyhemoglobin (ferro compound) ............ H3X(O.) Na3X(Oz) 
Carboxyhemoglobin (ferro compound)........ H;X(CO) 


X = the iron complex holding the pyrrole groups and protein (see 8, 9). 


(1) NasX + Na;Fe(CN)s — + NayFe(CN)s 


(Hb) (MHb) 
(2) 2NaoX + + 2NaOH — 2Na;X + Na.S.O; + 
(MHb) (Hb) 


The stoichiometric relationships expressed in equations (1) and 
(2) were determined by titrating electrometrically, reduced hemo- 
globin with ferricyanide and methemoglobin with sodium hydro- 
sulfite. The direct nature of this evidence would seem to make it 
conclusive. Since oxyhemoglobin is always in equilibrium with 
oxygen and hemoglobin (equation (3)), a powerful enough oxi- 
dizing agent will convert the entire protein to methemoglobin 
and liberate all the oxygen. With ferricyanide this reaction goes 
nearly to analytical completion with 1 equivalent, according to 
the equation (4). 


(3) Na3X(Oz) — Na;X + O, 


(HbO,) (Hb) 
(4) Na;X(O.) + Na;Fe(CN)s — + NasFe(CN). + O, 
(HbO:) (MHb) 


Von Reinbold (5) originally established the relationship expressed 
by equation (4);it has been more rigorously established by Meier 
(6, 7) and in a paper from this laboratory (9). Like all interactions 
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of reversible oxidation-reduction systems, the oxidation of hemo- 
globin is reversible and proceeds to analytical completion only if 
the oxidizing agent is sufficiently powerful. In the absence of 
oxygen this is the case with ferricyanide, but in the presence of this 
gas most of the hemoglobin is combined and the oxidation is more 
difficult ;' with 1 equivalent the reaction is not quite complete. 
Meier (7) has found the extent of the oxidation at pH = 7 to be 
about 95 per cent. This value is higher than the one reported 
from this laboratory (Conant and Fieser (9)). We have repeated 
the experiments and now obtain results in accord with Meier and 
also confirm his statement in regard to the effect of change of 
acidity. Weare still uncertain as to the exact cause of the error 
in the work of Conant and Fieser but are inclined to attribute the 
low values to incomplete laking of the red blood cells employed. 
At all events the earlier quantitative data on this point published 
from this laboratory must be discarded and Meier’s results sub- 
stituted. In view of these facts the calculations based on the 
earlier measurements ((9) pp. 608-615) lose their significance and 
must be revised. Such a revision we shall consider in a later 
paper dealing with the quantitative formulation of the oxidation 
of hemoglobin. It should be noted that the previous arguments 
concerning the relation of methemoglobin to hemoglobin and the 
qualitative interpretations of the oxidation of hemoglobin are not 
in the least affected by this change. 


Titration of Methemoglobin and Oxyhemoglobin with Sodium 
IT ydrosulfite. 


One of the three ways in which Nicloux (3) claims to have es- 
tablished the formula HbO for methemoglobin involves the titra- 
tion of this substance with sodium hydrosulfite (Nass.O;). Yet 
it was by titration with this same reagent that one of us was led to 
the conclusion that the oxidizing power of methemoglobin was 
one-half of that implied by the formula which Nicloux champions. 
The explanation of this apparent contradiction is to be found in 
the interpretation of the titration experiments. As far as the 
experimental facts are concerned there is no conflict between 
Nicloux’s work and our own. 


1 The removal of the hemoglobin as oxyhemoglobin raises the potential 
of the methemoglobin-hemoglobin system. 
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Nicloux bases his discussion of the reducing action of sodium 
hydrosulfite on the original work of Schiitzenberger and Risler 
(11) and appears to have overlooked the careful study of this rea- 
gent which has been made since then. (An excellent summary of 
this recent work has been compiled by Jellineck (12).) There can 
be no dispute today that sodium hydrosulfite is NaS.O, (or its 
equivalent NaSO2) and on oxidation forms Na28.0; (or NaHSQs). 
The reaction with ammoniacal copper sulfate (Bernthsen (13)), 
with indigo sulfonate, or with potassium ferricyanide all proceed 
in such a way that / mol of sodium hydrosulfite has 2 equivalents of 
reducing power. Thatis, 1 mol of NaeS.O,4 is equivalent to 2 mols 
of CuSO,, 2 mols of potassium ferricyanide, and 1 mol of indigo 
sulfonate. In the standardization of his hydrosulfite solution 
Nicloux has assumed the erroneous ratio CuSO; : NaS.Oy. If 
his titrations are recalculated on a correct basis they are in accord 
with the previous work in this laboratory and show that / equiva- 
lent (half an atom of oxygen) is involved in the reduction of methe- 
moglobin to hemoglobin. 

The error in the standardization of the hydrosulfite in Nicloux’s 
work appears to have been due to the fact that he overlooked the 
peculiarities of the reaction between dissolved oxygen and hydro- 
sulfite. Gaseous oxygen reacts in cold dilute neutral solution with 
sodium hydrosulfite according to equation (5); it is only in hot or 
strongly alkaline solution that the expected ratio 2NagS2.0, : O» is 
found. 


(5) Na28.04 + O2 + H2O — NaS205 + H202 


Nicloux’s method of calculation amounts to accepting the ratio 
NaesS.O, : Os as standard and converting all the titrations into 
the equivalent cc. of oxygen gas. He found that the oxygen 
gas bound in oxyhemoglobin could be determined by titration 
with hydrosulfite and the amount calculated from the ratio 
NaeS.O, : O2 corresponded to that determined gasometrically. 
This is obviously true because oxyhemoglobin is in equilibrium 
with dissolved oxygen for the titration of which the ratio NagSeQy, : 
O, holds (equation (5)). Nicloux then makes the assumption that 
the “oxygen bound in methemoglobin” can be calculated on the 
same basis. Thus, because half as much hydrosulfite is required 
for titrating methemoglobin as oxyhemoglobin (to which fact we 
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agree), he argues that methemoglobin must contain half as much 
oxygen as oxyhemoglobin. This would only be true if the two 
titrations were really comparable,—if peroxide were formed in 
both. The formation of peroxide in the titration with hydrosul- 
fite is a peculiarity of gaseous oxygen; unlike oxyhemoglobin, 
methemoglobin cannot form free oxygen in any way. ‘There is 
thus no reason for believing that the reduction of methemoglobin 
by hydrosulfite is akin to the reduction of oxygen or oxyhemoglo- 
bin. The titration of hemoglobin with ferricyanide? (forming 
methemoglobin) (8) is definite evidence which establishes the 
relation of hemoglobin to methemoglobin; the titrations with 
hydrosulfite are therefore to be formulated as follows: 


Titration of methemoglobin. 
(6) 2NaoX + NawseO,4 2Na0OH amp 2Na3X > Na2S:O; H:O 
(MHb) (Hb) 


Titration of oxyhemoglobin. 
(7) Na3X(Oz) + Na2S204 + Na3X + H.0, 
(HbO:) 


In a previous paper (Conant and Fieser (9)), the results of Roaf 
and Smart (1) and of Quagliariello (2) were discussed and it was 
pointed out that their determination of the state of oxidation of 
methemoglobin rested on the assumption that oxygen gas as an 
oxidizing agent was equivalent to 4 hydrogen atoms. The actual 
facts are all against this assumption. In a great many cases in 
which oxygen gas acts as an oxidizing agent hydrogen peroxide 
is formed. Unless this is recognized obviously the conclusions 
will be in error. Nicloux’s results with sodium hydrosulfite are 
another case in point. In Roaf and Smart’s and Quagliariello’s 
experiments and in the titrations with hydrosulfite (equation (7)) 
we cannot be certain of the ultimate fate of the peroxide,—it may 
react slowly with some part of the protein not involved in the 
methemoglobin formation. We have convinced ourselves of the 
impossibility of detecting by the usual procedures small amounts 
of peroxide in the presence of hemoglobin. 


2 We have also titrated electrometrically hemoglobin in nitrogen with 
molybdicyanide; the end-point is somewhat sharper than with ferri- 
cyanide, otherwise the results are the same. 
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We may sum up the situation in regard to Roaf and Smart and 
Quagliariello by saying that in view of the known peculiarities of 
oxygen as an oxidizing agent it is not reliable as a method of deter- 
mining the state of oxidation of methemoglobin. The use of 
reliable oxidizing reagents and reliable reducing agents yields 
results that are unequivocal, and which show that the oxidation 
of hemoglobin to methemoglobin involves only 1 equivalent. 


Oxidation of Carboxyhemoglobin. 


A second argument that Nicloux has brought forward in support 
of his views concerning methemoglobin involves a consideration of 
the reaction between ecarboxyhemoglobin and potassium ferricya- 
nide. Again we are in accord with Nicloux’s experimental facts but 
cannot agree with his interpretation of them. He has shown that 
when hemoglobin saturated with carbon monoxide is treated with 
ferricyanide a certain amount of carbon monoxide is liberated and 
the molal ratio of the amount of ferricyanide employed to carbon 
monoxide liberated is approximately 2: 1. If the reaction be- 
tween ferrievanide and carboxyhemoglobin ran to completion in 
the presence of pure carbon monoxide this would be convincing 
evidence that 2 equivalents of oxidizing agent were involved per 
mol of hemoglobin. The reaction, however, is incomplete and, as 
we shall show below, it so happens that | equivalent of ferricya- 
nide liberates approximately one-half the combined carbon monox- 
ide with the particular oxidizing agent (ferricyanide) and the par- 
ticular pressure of carbon monoxide which Nicloux employed. 

We are now engaged in a rather complete study of the action of a 
variety of oxidizing agents on hemoglobin in the presence of carbon 
monoxide with a view to a quantitative electrochemical formula- 
tion of the reaction. ‘This system is more suitable for such a study 
than the oxyhemoglobin system as there is no opportunity for 
spontaneous methemoglobin formation. In this paper we shall 
present only those results which bear on the point at issue and will 
reserve for a later paper all discussion of the exact formulation of 
the various equilibria. 

The interaction of an oxidizing agent and hemoglobin in the 
presence of carbon monoxide involves the two reversible reactions 
given below which are summed up in equation (10). 


a 
a 
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(8S) Na;sX(CO) <= Na;X + CO 


(HbCO) (Hb) 

(9) NasX + oxidizing agent =< Na.X + reduced form of oxidizing 
(Hb) (MHb) agent, 

Summation. 

(10) NasX(CO) + oxidizing agent => NasX + CO + reduced form of 
(HbCO) (MHb) oxidizing agent, 


A similar set of reactions can be written for the interaction of an 
oxidizing agent and oxyhemoglobin (see above and_ reference 
(9)). With a given reagent it would be expected that the reac- 
tion would proceed farther to the right in the case of oxyhemo- 
globin than with carboxyhemoglobin since oxygen is much less 
firmly bound than carbon monoxide. Such is the ease with ferri- 
cyanide; with 1 equivalent the reaction is 95 per cent complete 
with oxyhemoglobin in air and only about 50 per cent complete 
when the protein is saturated with pure carbon monoxide. 

If the equilibrium equation (10) really represents the true state 
of affairs when an oxidizing agent acts on carboxyhemoglobin the 
following should be true: (1) the reaction should proceed farther 
to the right the larger the excess of reagent employed; (2) with a 
given reagent the action should be more nearly complete the lower 
the pressure of carbon monoxide; (3) 1 equivalent of a sufficiently 
powerful oxidizing agent should liberate practically all the carbon 
monoxide (7.e. the reaction should run to analytical completion) ; 
(4) the reaction should be reversible in the presence of the pure 
reduced form of certain oxidizing agents (e.g. ferrocyanide) and 
carbon monoxide and the final state of equilibrium should be the 
same when approached from both sides. We have been able to 
demonstrate all these points experimentally. 

The results given in Table I show the effect of increasing the 
number of equivalents of ferricyanide. As would be expected in 
the case of an equilibrium reaction which is about evenly balanced, 
increasing the number of equivalents of oxidizing agent increases 
the extent of the reaction. With 4 equivalents the reaction is 90 
per cent complete. The reagent was added to the carboxyhemo- 
globin contained in a tonometer in an atmosphere of carbon 
monoxide; after | or 2 hours agitation samples were withdrawn for 
analysis. 
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TABLE I. 
Oxidation of Carboxyhemoglobin in the Presence of Pure Carbon Monoxide 
by Varying Amounts of Potassium Ferricyanide. 


Hb concentration 6.62 gm. per 100 cc. pH = 7.0. Temperature = 23°C, 


Ratio of mols of ferricyanide Corrected CO capacity eer of total HbCO 
to mols of HbCO. (ce, per 100 cc.) after reaction. xidized. 
No ferricyanide. 
0.5 7.07 0.20 
0.5 6.63 0). 23 
1.0 5.08 0.43 
1.0 4.88 0.45 
2.0 2.36 0.73 
2.0 2.40 0.73 
4.0 0.94 0.89 
4.0 0.83 0.91 


The hemoglobin solution was prepared from horse cells thrice washed 
with 1.5 per cent sodium chloride solution, by treating them with twice 
their volume of distilled water and repeatedly shaking with toluene and 
centrifuging until laking was complete. The protein concentration was 
kept constant in all the experiments reported in Table I by diluting a 
measured volume of the stock solution of hemoglobin in a tonometer with 
a definite volume of water containing the required amount of oxidizing 
agent and buffer solution. Every 25 cc. of final solution contained 1 cc. 
of a solution of 71 gm. of Na,HPO, and 45.4 gm. of KH2PO, in a liter of 
water. The equivalents of oxidizing agent were calculated from the hemo- 
globin concentration on the ratio for 1 equivalent of 329.1 gm. of ferri- 
cyanide = 16,700 gm. of hemoglobin. Before saturating with carbon 
monoxide the oxygen was completely removed by alternate evacuations 
and admissions of nitrogen. The initial hemoglobin concentration was 
determined in many cases both from the carbon monoxide capacity and 
the oxygen capacity (when saturated with air) according to Harington and 
Van Slyke (14). All the analyses reported in Tables I to IV were made 
according to the procedure described by these authors ((14) pp. 575-584). 
The carbon monoxide was absorbed with cuprous ammonium chloride solu- 
tion as they describe. 2 cc. samples were taken for analysis. Corrections 
for dissolved carbon monoxide were determined by blank experiments with 
the same concentration of buffer solution. Inthe case of 1 per cent carbon 
monoxide the correction for dissolved gas is negligible and the difference 
in carbon monoxide content when saturated with this mixture and with 
pure carbon monoxide afforded an additional check on the correction for 
dissolved carbon monoxide. 


The effect of lowering the partial pressure of carbon monoxide 
is even more striking (Table II). When the mixture is saturated 
with 1 per cent carbon monoxide-nitrogen mixture, the reaction is 
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about 90 per cent complete with 1 equivalent of ferricyanide. It 
should be remembered that even this partial pressure of carbon 
monoxide (about 7.4 mm.) is greater than that required for the 
analytically complete saturation of hemoglobin. 

By using the very powerful potassium molybdicyanide K;Mo- 
(CN)s (15) as an oxidizing agent it is possible to cause the reaction 
to go practically to completion with 1 equivalent even in the 
presence of pure carbon monoxide (Table III). That methemoglo- 
bin was really formed in this reaction was established by treating 
the resulting solution with sodium hydrosulfite and determining 
the carbon monoxide capacity of the regenerated hemoglobin; 
90 to 98 per cent of the initial carbon monoxide capacity was thus 


restored. 
TABLE II, 
Effect of Varying the Partial Pressure of the Carbon Monoxide. 
In each experiment a solution of 1 equivalent of potassium ferricyanide 
was added to the hemoglobin solution saturated with the gaseous mixture 
indicated. pH = 7.0. Temperature = 23°C. 


Fraction oxidized by 1 equiva- 
lent of ferricy:.nide. 
Material 
Materia concen- 
10 per 1 per cent 
tration. 100 per | cent CO, CO, 
cent CO. 90 per 99 per 
cent Ne | cent N2 
gm. per 
100 ce. 
Laked washed cells................... 12.35 0.41 0.59 0.84 
Recrystallized as HbOs................ 3.8 0.43 0.78 0.92 


Each value in the last three columns represents a separate experiment 
with fresh hemoglobin solution. 


We should like to call attention to the fact that the results in 
Table III afford very satisfactory evidence of the significance of 
the potential of the xidizing agent employed. For example, 
with the relatively wea oxidizing agent, phenolindophenol (Clark 
(16)) only slight oxidation occurs with 1 equivalent even when the 
solution is saturated with a 1 per cent carbon monoxide mixture. 

Finally we may present the best possible proof of the reversibil- 
ity of a reaction; namely, that the same final state is reached when 
the equilibrium is approached from either side. We have studied 
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TABLE III, 
Extent of Oxidation of Carboxyhemoglobin When Treated with 1 Equivalent 
of Different Oxidizing Agents. 


CO 

Hb [content 
Hemoglcbin employed. concen-| Oxidizing agent. poten- HbCO 
. 

per cent 
Recrystallized as HbOs,....... 3.80 | K;Mo(CN).* {+0.75} 100 | 0.99 
Laked washed cells........... 7.30 =: +0.75} 100 | 0.91 
7.30 | +0.52} 100 | 0.65 
6.60 | IKk3ke(CN), +0.42} 100 | 0.45 
Recrystallized as HbO,....... 3.67 +0. 42 1 | 0.96 
3.67 | Phenolindophe-|+0. 24 1} 0.16 

nol. 


* In this one experiment 1.25 equivalents were used as there was evi- 
dence that some of the powerful reagent was attacking the protein part 
of the molecule. In all the experiments it was found best to add the re- 
agent slowly in small drops to the agitated carboxvhemoglobin solution; 
this is particularly necessary with the more powerful reagents which rapidly 
attack proteins. 

The molybdievanide and tungstievanide solutions were prepared by 
electrolytic oxidation of the corresponding molybdo and tungsto compounds 
(15). The solutions were standardized by electrometric titration against 
hydroquinone, it being assumed that 2 molecules of the oxidizing agent 
reacted with 1 of the hydroquinone. 


TABLE IV. 
Equilibrium between Ferricyanide and Carboxryhemoglobin Approached 
from Both Sides. 
pH = 7.0. Temperature = 23°C. Hb concentration = 6.96. Saturat- 
ing gas = illuminating gas (about 20 per cent CO). 


Fraction oxidized, 
Time of agitation with illumi- 1 equivalent of ferricyanide 
nating gas before analysis. 1 equivalent of ferricyanide | added in nitrogen, illuminating 
added in illuminating gas. gas introduced after removal 
of nitrogen. 
(A) (B) 
10 min. 0.48 
. 0.78 
“ 0.54 
2 hrs. 0.72 0.72 
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this point in detail with ferricyanide and illuminating gas (about 
20 per cent carbon monoxide). If 1 equivalent of ferricyanide is 
added to reduced hemoglobin in nitrogen, the solution at once 
becomes very brown due to the practically complete formation of 
methemoglobin, the ferricyanide being reduced to ferrocyanide. 
On agitating with the carbon monoxide mixture, the solution 
becomes reddish (the reaction proceeding from right to left (equa- 
tion (10)) due to formation of carboxyhemoglobin. Final equilib- 
rium is reached in 2 hours or less as the figures in Table IV show. 
The figures in Column A were those obtained when the ferricyanide 
was added in the presence of the saturating gas; those in Column 
B were obtained in a parallel experiment where the reagent was 
added to reduced hemoglobin in nitrogen, the nitrogen pumped 
out, and the mixture then saturated with illuminating gas and 
agitated. Similar results were obtained in many other experi- 
ments with other gaseous mixtures and other oxidizing agents, 
although the time for equilibration varies somewhat with the size 
of the vessel employed, the amount of liquid, and the manner of 
agitation. The duplicate values in Table I were obtained by ap- 
proaching the equilibrium from both sides. 

The reversibility of the process was also established by starting 
with methemoglobin, adding | equivalent of potassium ferrocya- 
nide, and agitating with pure carbon monoxide. The methemo- 
globin solution was prepared by the action of an excess of ferricy- 
anide on oxyhemoglobin and was dialyzed for 10 days with dis- 
tilled water at 0°. It was analyzed for hemoglobin and methemo- 
globin according to the recently published method of Van Slyke 
(17). It contained at the dilution employed 0.34 gm. of hemoglo- 
bin and 6.33 gm. of methemogtobin per 100 ce. After the addi- 
tion of 1 equivalent of ferrocyanide (calculated on the methemo- 
globin content) and agitation with pure carbon monoxide for 40 
minutes, it contained 2.45 gm. of carboxyhemoglobin per 100 ce. ; 
that is, 33 per cent of the methemoglobin had been reduced to 
earboxyhemoglobin. After standing overnight the amount of 
reduction increased to 54 per cent. This final figure is in good 
agreement with the values obtained starting with carboxyhemo- 
globin, pure carbon monoxide, and 1 equivalent of ferricyanide 
(Table I). 
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A glance at Table I will show the reason for Nicloux’s conclusion 
that 2 mols of ferricyanide are required to liberate 1 mol of carbon 
monoxide. Because of the fact that with pure carbon monoxide 
the reaction is only about half complete with 1 equivalent, the 
ratio of 2 ferricyanide to 1 CO holds approximately over a rather 
wide range of oxidizing equivalents. If Nicloux had used a more 
powerful oxidizing agent (Table III) or a 1 per cent mixture of 
carbon monoxide the true stoichiometric relations would have 
revealed themselves. 

Nicloux’s third line of proof can also be shown to be untenable. 
He treated oxyhemoglobin with ferricyanide and compared the 
amount of oxygen liberated with the amount of oxidizing agent 
employed. Contrary to the findings of von Reinbold and Meier, 
he found the ratio of 2 ferricyanide to 1 mol of Oz. The reason is 
obvious; he used 1 cc. of 5.9 per cent ferricyanide for 15 cc. of cow 
blood in every experiment. 1 cc. of 5.9 per cent ferricyanide 
contains 0.059 gm. or 0.000179 mol; cow blood is about 10 per cent 
hemoglobin (18). Therefore 15 ec. contain about 1.5 gm. of 
hemoglobin or 0.00009 mol. In every experiment he took twice 
the amount of ferricyanide necessary to liberate practically all 
the oxygen and so, of course, his ratio was 2:1 instead of the cor- 
rect value of 1:1. If he had varied the amount of ferricyanide (as 
he did in the carbon monoxide experiments) he could hardly have 
failed to arrive at the same conclusion as all the other investigators 
who have studied this reaction with great care. 


This work has been made possible by a grant from the Milton 
Fund of Harvard University. 
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THE METABOLISM OF SULFUR. 


XI. CAN TAURINE REPLACE CYSTINE IN THE DIET OF THE 
YOUNG WHITE RAT?* 


By GEORGE T. LEWIS ann HOWARD B. LEWIS. 


(From the Laboratory of Physiological Chemistry, Medical School, University 
of Michigan, Ann Arbor.) 


(Received for publication, June 14, 1926.) 


(of the organic sulfur compounds of biological interest, taurine 
is unique as the only sulfonic acid derivative known to have its 
origin in the activity of living cells. Its origin from the cystine 
of the protein molecule is generally accepted, but proof of the 
reaction by which it is derived is lacking. Friedmann (1) oxidized 
evstine to eysteinic acid by bromine water, and was successful in 
obtaining taurine from the latter by decarboxylation at high 


temperatures.! 


SH SO3H SO3H 
CH, CH, CH, 
| — | 
CHNH., CHNH, CH NH, 
| | 
COOH COOH 
Cysteine. Cysteinic acid. Taurine. 


I;vidence has been presented by von Bergmann (2), Wohlge- 
muth (3), and Foster, Hooper, and Whipple (4), which indicates 
that the taurocholie acid of the bile is dependent upon the animal’s 


* \ preliminary report of part of this work appears in Proc. Soc. Exp. 
Biol. and Med., 1926, xxii, 359. 

1 Considerable difficulty has been experienced in frequent attempts to 
repeat Friedmann’s conversion of cysteinic acid to taurine in this labora- 
tory. Recently, however, Miss Genevieve Stearns has been able to obtain 
a satisfactory product which showed a high degree of purity on analysis. 
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supply of cystine as a source of the taurine for the conjugated 
bile acid. Gibson (5) attempted to deplete the available supply | 
of cystine by the administration of bromobenzene to cats, in the 
expectation that the utilization of the cystine for the synthesis 
of the bromophenylmercapturie acid would diminish the amount 
available for the synthesis of taurine and thus lessen the output of 
alcohol-soluble sulfur (assumed to be present largely as taurocholic 
acid) of the bile. His work also indicates a relationship between 
cystine and taurine. | 

If the origin of taurine in the organism from cystine through 
cysteinic acid be accepted, the question of the reversibility of the 
reactions by which taurine is formed becomes of interest, partic- 
ularly in view of the problem of amino acid synthesis in the 
animal organism. Can the reaction be reversed when the supply 
of taurine is abundant and the need for cystine is urgent? 

In certain species, notably the dog, cystine is utilized for the 
detoxication of bromobenzene with the formation of bromo- 
phenylmercapturic acid. In fasting animals poisoned with bromo- 
benzene, administration of cystine has been known to increase the 
production of the mercapturic acid (6). If to such animals, 
taurine is fed, the output of the mercapturic acid should be in- 
creased, if the formation of cystine from taurine is possible. In 
experiments designed to test out this possibility, Muldoon, Shiple, 
and Sherwin (7) were unable to obtain any evidence of the con- 
version of taurine to cystine. 

Osborne and Mendel (8) and others have shown that with diets 
whose protein is derived chiefly from casein (9 per cent), cystine 
becomes the limiting factor for the growth of young white rats. 
Beard (9) has demonstrated that cystine is also the limiting amino 
acid factor in casein, when this protein is fed at a concentration of 
12 per cent, in the diet of mice. If taurine can replace cystine, 
then white rats or mice fed on a basal diet of this type, deficient 
in cystine, should show equally great increments in growth when 
taurine supplements the basal diet as when cystine is added. 
Mitchell (10) has carried out experiments of this kind with mice. 
He employed a modification of the Osborne-Mendel diet and ob- 
tained results which indicated that cystine and taurine were 
equally efficient in producing an increased rate of growth over that 
obtained with the basal diet. In considering the results, Mitchell 
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points out that they are not necessarily attributable to a conver- 
sion of taurine to cystine, but merely indicate that the animal 
can utilize taurine for purposes of growth in the absence of suffi- 
cient cystine. Beard (9), however, was unable to confirm the 
results of Mitchell. It should be noted that the diets used by 
these two observers were not exactly comparable, since a higher 
level of casein (12 per cent) was furnished in the experiments of 
Beard. It is possible that with the lower level of casein (9 per 
cent) the need for cystine was more acute and its synthesis more 
easily facilitated in the experiments of Mitchell. 

The experiments reported in the present communication were 
undertaken to determine whether taurine could replace cystine 
for purposes of growth in the diet of young white rats and also 
whether the product intermediary between taurine and cystine, 
cysteinic acid, could function in the nutrition of these animals in 
place of cystine. The results of our experiments with two types 
of deficient basal diets have been uniformly negative and have 
failed entirely to give any evidence that either taurine or cysteinic 
acid can replace cystine for purposes of growth in the young white 
rat. 


EXPERIMENTAL. 


Young white rats of about 30 to 50 gm. weight were used as the 
experimental animals. [Each litter was divided into three groups. 
One group received the basal (cystine-deficient) diet; the second, 
the same basal diet with added cystine; and the third, the basal 
diet plus taurine or cysteinie acid. 

Two types of low cystine basal diets were fed, the low protein 
diet of Osborne and Mendel in which casein is the sole source of 
protein, and the milk powder-corn-starch diet of Sherman and 
Merrill (11). The composition of the diets fed is given in Tables 
Iand II. Fora short period during the experiments, the modified 
diet of Sherman and Woods (12) was fed, but the animals did not 
eat this as readily and scattered more of the food in the cage, so 
that its use was discontinued. The casein (Harris) was free from 
vitamin B. The salt mixture of Osborne and Mendel was used. 
A commercial dry milk powder (Klim) was employed in the diets 
of the Sherman type. In earlier experiments, the water-soluble 
vitamin (50 mg. daily) was supplied by yeast concentrate tablets, 


if 
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but in later work, Vegex was substituted for these. Each rat re- 
ceived approximately 75 mg. daily. The paste was placed in the 
food cup and was eaten readily. (Cystine was prepared from hair, 
taurine from ox bile, and cysteinie acid by the oxidation of 
cystine (1). 
TABLE I. 
Composition of the Sherman Diets. 


Basal. Diet A. Diet B. | Diet C. 
gm. gm. gm. | qm. 
S1.8 81.8 2.6 | sts 
16.6 16.6 16.6 | 16.6 
Sodium chloride............... 1.6 1.6 1.6 
TABLE II. 
Composition of the Osborne-Mendel Low Protein Diets. 
| Basal. | Diet D. | Diet E. Diet P. 
gm. gm. ym, | gm. 

45 | 4.5 | 4.5 | 4.5 
| 0.5 
| | 0.5 


DISCUSSION. 


The results of the series in which the milk powder-starch diet 
was fed are presented in Table III. It will be noted that in every 
case, the animals which received cystine showed a more rapid 
increase in weight than their litter mates on the basal diet, while 
when taurine or cysteinic acid (Litter 6) was added, no similar 
increased rate of growth was obtained. ‘The increase in weight 
resulting from the addition of cystine to the Sherman diets seems 
to be somewhat variable although fairly constant for each litter. 


| 
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Summary of the Experiments with Sherman Diet. 


TABLE IIL. 


wks. gm, gm, gm 
Litter 1, Rats 25 | 10 | Basal. 3 57.0 |120.5 | 63.5 
to 34. 55.0 109.5 | 54.5 
47.0 | 95.0 | 48.0 
Basal and taurine. 3 50.5 95.5 | 45.0 
50.5 91.0 | 40.5 
48.0 | 99.5 | 51.5 
Basal and cystine. 3 47.0 (132.0 | 85.0 
47.5 |141.5 | 94.0 
41.0 |112.5 | 71.5 
Litter 2, Rats 35 | 10 | Basal. 2 84.0 |130.0 | 46.0 
to 40. 85.0 |1125.5 | 40.5 
Basal and taurine. 2 84.5 |129.5 | 45.0 
88.5 |124.5 | 36.0 
Basal and cystine. 2 | 79.0 |147.5 | 68.5 
54.0 |128.0 | 74.0 
Litter 3, Rats 49 8 | Basal. 2 27.5 | 72.0 | 44.5 
to 54. 29.0 | 75.5 | 46.5 
Basal and taurine. 2 32.0 | 84.5 | 52.5 
31.5 70.0 38.9 
Basal and cystine. 2 | 26.0 | 80.0 | 54.0 
26.0 | 93.0 | 67.0 

Litter 4, Rats 55 | 10 | Basal. 2 30.5 | 82.5 | 52. 
to 58. 30.5 | 82.0 | 51.5 
Basal and taurine. 1 29.0 | 94.5 | 65.5 
Basal and cystine. 1 29.0 1120.0 | 91.0 
Litter 5, Rats 59 9 | Basal. 2 41.5 | 83.5 | 42.0 
to 66. 49.0 | 98.0 | 49.0 
Basal and taurine. 3 41.0 | 84.0 | 43.0 
39.0 | 85.0 | 46.0 
43.0 | 82.5 | 39.5 
Basal and cystine. 3 37.0 | 95.0 0 
38.5 | 93.5 | 55.0 

36.0 |101.0 
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TABLE I1—Concluded. 
No. Initial | Final 
Diet. Tats, |weight.|werght,| ain 
wks gm. gm. gm. 
Litter 6, Rats 67 8 | Basal. 3 38.0 | $4.0 | 46.0 
to 75, 79. 37.0 | 81.5 | 44.5 
39.5 | 81.5 | 42.0 
Basal and cysteinic 3 34.0 | 74.5 | 40.5 
acid. 35.5 | 76.5 | 41.0 
34.0 | 82.0 | 48.0 
Basal and cystine. 3 25.5 | 76.0 | 50.5* 
29.0 | 98.5 | 69.5 
38.5 | 93.5 | 55.0* 


* Diarrhea. 


Sherman (11) states that the previous diet of the parents influences 


the response of the young rats to added cystine. 


This may well 


be the explanation of our results, since our rats, particularly in the 
early experiments, were obtained from different breeders, and their 


TABLE IV, 


Average Increase in Weight in the Initial 6-Week Period of the Experimental 


Diets. 
in. 
Basal and . of cystine-fe 
Litter No. Basal. taurine or cys- | ‘with 
teinic acid, control animals on 
basal diet. 
gm. gm, gm. gm. 
] 28.3 33.5 54.8 °6.5 
2 26.2 51.0 23.8 
3 33.0 32.7 43.5 10.5 
4 27.5 48.0 ?20.5 
5 26.2 26.8 35.7 9.5 
6 34.2 30.77 54.0 19.8 


* See comment in text. 


Cysteinic acid. 


parents may have had different dietary régimes. 


In the later 


experiments in which rats were bred in our own laboratory, the 
variability in response to added cystine between litters was less 


} 
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marked. In only one animal (Litter 4) was there shown an ap- 
preciably greater gain in weight in the animal fed taurine as 
compared with the animals which received the basal diet. This 
increase in weight was, however, only about one-third that ob- 
tained with the cystine-fed animals, although the amount of 
taurine fed was more than three times the amount of cystine. 


10 
Days 
| | 
. 
Basal 
ana 
cystine 
Basal 
am. 
cysteinic acid 
84.0 Basal 
65.0 19.5 
13.0 62.5 
— 77.0 
33.5 35.0 370 360 36.5 36.5 42.0 38.0 


CHarv i. Litter 7, showing the curves of growth of young white rats 
on diets low in cystine (basal diet), and on diets in which cystine and cys- 
teinic acid supplemented the cystine-deficient diet. The addition of 
cystine 0.5 per cent) to the basal diet (Diet D) resulted in prompt response 
in growth, while growth on the diets in which cysteinie acid (0.5 per cent) 
supplemented the basal diet (Diet I) did not differ appreciably from that 
obtained on the basal diet. 


It is not felt that the results with this one animal are significant 
in view of the results with other animals. The increased rate of 
growth can hardly be attributed to a greater food consumption 
by the cystine-fed animals. <A record of the food intake was made 
in all experiments. The dry, loose character of the diet made it 
difficult to estimate the intake accurately, particularly with cer- 
tain animals which were inclined to waste the food. 

Sherman (11) states that the rats in his cystine series (0.2 per 
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cent) showed an average increase in weight of 28.6 gm. more than 
those on the basal diet during a 6 weeks period. The animals in 
our experiments which were fed diets containing slightly greater 
amounts (0.3 per cent) of added cystine, did not quite reach this 
figure in 6 weeks (Table IV). Two of the three rats in Litter 6 
had a bad diarrhea, which probably accounts for their failure to 
show a greater gain in weight, although they did make slightly 
greater gains than their litter mates on the basal diet. 


Basal 
82.5 83.5 
79.0 
100 /4101 
of 
39.0 38.0 425 43.0 405 42.5 40.0 


Cuarr il. Litter 8, showing the curves of growth of young white rats 
on diets low in cystine (basal diet), and on diets in which cystine and taurine 
supplemented the cystine-deficient diet. The addition of cystine (0.5 per 
cent) to the basal diet (Diet D) resulted in prompt response in growth, 
while growth on the diets in which taurine (1.0 per cent) supplemented the 
basal diet (Diet I.) did not differ appreciably from that obtained on the 
basal diet. 


Typical results obtained with rats on the Osborne-Mendel 
low protein diet are presented in Charts I and IT and require little 
comment. ‘They are in accord with the experiments just discussed 
in their failure to afford any evidence of the utilization of taurine 
or eysteinic acid in place of cystine for purposes of growth. 

It is difficult to correlate these results with those of Mitchell 


ays 
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(10). Since different species differ in the relative amounts of gly- 
cocholic and taurocholic acids present in the bile, it might be as- 
sumed that the need for taurine would vary in different species. 
If cystine is the precursor of taurine, it might be anticipated that 
in a species whose bile contained very considerable amounts of 
taurocholic acid, the demand for cystine would be greater than in 
a species in whose bile taurocholie acid is almost entirely lacking, 
and that in such an animal taurine might, in part at least, replace 
the cystine. We know of no analysis of the taurocholic and glyeo- 
cholic acid contents of rat and mouse bile. If the bile of the mouse 
were shown to contain much taurocholie acid and that of the rat 
to contain little or no taurocholie acid, the discrepaney between 
our results with rats and those of Mitchell with mice might be 
explained. Peard (9), however, was unable to obtain results 
similar to those of Mitchell in his experiments with mice. 

The taurine used in our experiments was obtained by hydrolysis 
of ox bile, while the taurine in Mitchell's experiment was isolated 
from the muscle of the abalone (//al/otis). Mitchell states that, 
if cystine were present in the preparation fed, it could have oc- 
curred only in traces. Professor C. L. A..Sehmidt of the Univer- 
sity of California kindly furnished us with a sample of taurine 
from abalone. It gave no color whatever in the Folin-Looney 
cystine reaction, which would appear to be more delicate than the 
Wollaston test employed by Mitchell. Neither did we obtain 
any different response to it when fed to a white rat over a period 
of 2 weeks than to the taurine prepared from bile. Mitchell does 
not state the percentage of taurine in his diets. Our diets con- 
tained as stated 1 per cent of taurine. 


SUMMARY. 


Icxperiments are described in which taurine and cysteinie acid 
were fed to young white rats on two types of diets, in which lack 
of cystine was the limiting factor. No evidence was obtained 
which indicated that either taurine or cysteinie acid could replace 
cystine entirely or in part for purposes of growth, in the absence 
of adequate amounts of cystine in the diet. 


‘4 
4 
+H 


598 Cystine Metabolism 


CO bo 


BIBLIOGRAPHY. 


. Friedmann, E., Beitr. chem. Physiol. u. Path., 1903, iii, 1. 

. von Bergmann, G., Beitr. chem. Physiol. u. Path., 1904, iv, 192. 

. Wohlgemuth, J., Z. physiol. Chem., 1903-04, xl, 81. 

. Foster, M. G., Hooper, C. W., and Whipple, G. H., J. Biol. Chem., 1919, 


XXxvill 421. 


. Gibson, R. B., J. Biol. Chem., 1909, vi, p. xvi. 
. Kapfhammer, J., Z. physiol. Chem., 1921, exvi, 302. 
. Muldoon, J. A., Shiple, G. J., and Sherwin, C. P., J. Biol. Chem., 1924, 


lix, 675. 


. Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1915, xx, 351. 

. Beard, H. H., Am. J. Physiol., 1925-26, lxxv, 658. 

. Mitchell, M. L., Australian J. Exp. Biol. and Med. Sc., 1924, i, 5. 

. Sherman, H. C., and Merrill, A. T., J. Biol. Chem., 1925, xiii, 331. 
. Sherman, H. C., and Woods, E., J. Biol. Chem., 1925, Ixvi, 29. 


§ 
| 
5 
6 
10 
ll 
12 


THE AVAILABILITY OF TAURINE AS A SUPPLEMENTING 
AGENT IN DIETS DEFICIENT IN CYSTINE. 


By WILLIAM C. ROSE anp BERNICE T. HUDDLESTUN. 


(From the Laboratory of Physiological Chemistry, University of Illinois, 
Urbana.) 


(Received for publication, June 24, 1926.) 


In a recent communication from this laboratory (Cox and 
Rose, 1926) reference was made to a paper of Mitchell (1924) in 
which are reported the results of feeding experiments involving 
the use of taurine as a supplementing agent in diets deficient in 
cystine. As stated in our former communication, Mitchell is 
of the opinion that in mice taurine can take the place of a con- 
siderable proportion of the cystine in the ration. His observation 
excited our interest especially because of our experience in similar 
replacement studies with histidine. Of the several imidazoles 
employed by Cox and Rose as supplementing agents for histidine- 
deficient diets, only dl-6-4-imidazole lactic acid was found capable 
of substituting for the amino acid. These results indicate, at 
least as regards histidine, that the animal organism is exceedingly 
exacting in its demands. Relatively slight changes in the struc- 
ture of the histidine molecule suffice to transform this “‘indis- 
pensable”’ component of the diet into products which are physi- 
ologically inert in so far as growth stimulation is concerned. In 
the light of our experience with histidine it appeared to us most 
remarkable that a considerable portion of the cystine of the diet 
could be replaced by a substance so different in chemical struc- 
ture as taurine. While it is generally believed that taurine has 
its origin in cystine in the animal organism, the indications are, 
as pointed out by Mitchell, that the two compounds pursue sep- 
arate catabolic paths in the body (cf. Schmidt and associates, 1918, 
1920). 

With these considerations in mind, we undertook to repeat 
the experiments of Mitchell using rats instead of mice as the 
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subjects. During the progress of our investigations a paper ap- 
peared by Beard (1925-26) in which the author finds that, con- 


TABLE I. 
Composition of Diets. | 


Diet 28. Diet 29. Diet 30. 
gm. gm. gm, 
0.5 
2.0 2.0 2.0 
TABLE II. 
Total Gains in Weight of Experimental Animals. 
Litter. Rat. Diet No. Initial weight. | Final weight. Gain. 
gm. gm. gm. 
A 370 28 52 165 113 
371 29 ol 104 53 
373 30 5] 103 52 
374 30 47 112 65 
B 383 30 103 112 Y 
384 30 114 116 3 
386 29 114 124 
387 29 9S 113 15 
C 379 28 62 144 $2 
376 29 65 101 36 
377 30 65 110 45 
78 30 S9 3h 
379 30 63 S9 26 
380 29 60 98 3S 
381 29 64 79 15 
382 28 o6 158 102 


trary to the observations of Mitchell, the administration of 
taurine to mice upon a cystine-deficient diet exerts no influence 
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upon growth. In the meantime we had learned through a pri- 
vate communication from Professor H. B. Lewis that studies of a 
similar sort were being conducted upon rats in his laboratory. 


Chart I. (165) 
Litter A - upper 4 curves; Litter B - A. 

lower 4 curves. 
Rat 370 = Diet 28. 
Rats 371, 386, 387 = Diet 29. 
‘Rata 373, 374, 383, 384 - Diet 30. 


a (104) 
(103) 
(112) 
/ days > 
ame 
{(52) 
ra 
(124) 
3742 ~=|(47) 
386¢ (114) | (113) 
ine 
3879 (98) ————__ (112) 
333¢ | (103) 


Cuart I. 


Recently Lewis and Lewis (1925-26) have published a preliminary 
report of their work in which they reach the conclusion that in the 
rat also taurine is incapable of replacing cystine. Inasmuch as 
our observations are in accord with those of Beard upon mice and 
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Lewis and Lewis upon rats, we have deemed it unnecessary to 
present our complete data, and are reproducing herewith the re- 
sults obtained with only three of the six litters of animals 


employed. 
Chart II. (144) 
Litter C = all of curves. 1 
(158) 
Rats 375, 382 = Diet 28. 


Rats 376, 380, 381 =— Diet 29. 
Rats 377, 378, 379 - Diet 30. | 


3829 
3763 


3802 
381¢é 


If. 
EXPERIMENTAL. 


The diets used in the experiments are shown in Table I. They 
are based upon the observations of Osborne and Mendel (1915) 
that a ration containing 9 per cent of casein is adequate for growth 


| 
62) 
(98) 
(56) | | 
(65) | — (79) 
60 qt 
(64) 
(89) 
sist 
| (89) 
| 
377¢ (65) | 
5782 | (53) | | 
379? | (63) — | | 
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except as regards its cystine content, and that the addition of 
0.5 per cent of cystine to such a diet enables the animals to grow 


at a pratically normal rate. 


Vitamin B was supplied in the form 


of a yeast extract, 50 mg. of which were fed to each animal daily. 


TABLE III. 
Food Consumption and Body Weight Changes. 


Days. | Diet No. einen in food. | Days. Diet No. duaus in ined 
body consump- | body ‘consump- 
weight. tion. weight. tion. 
Rat 370°. | Rat 371°. 
gm. gm. gm. gm. 
1-20 |] +1.50 6.4 1-20 | +0.75 6.0 
21-40 +1.40 21-40 || +0. 40 5.3 
41-60 |} 28 | +1.00 | 7.4 | 41-60 > 29 | 40.45 | 5.2 
61-80 | +1.15 6.5 61-80 | +0.65 5.6 
81-92 |, +1.00 | 7.2 | 81-92 ||] +0.67 | 5.6 
Rat 373°. Rat 3749. 
1-20 $0.50, 5.4 | 1-20 | +0.60 | 5.6 
21-40 +0.45 4.9 | 21-40 || +0.75 5.6 
41-60 30 +0.55 5.1 41-60 |> 30 +0.65 6.0 
61-80 +0.70 | 5.3 | 61-80 | +0.80 | 6.3 
81-92 |) +0.67 | 5.8 | 81-92 |} +0.75 | 6.1 
| 
Rat | Rat 
41-60 +0.15 5.3 41-60 | +0.15 4.8 
| 40.13 4.5 61-84 | +0.17 5.0 
Rat 386 Rat 3872. 
1-20 |) | | +0.05 | 7.0 
21-40 || 4g =| +0.30 | 5.8 21-40 59 +0.25 5.9 
41-60 || “ | 40.35 | 5.7 41-60 | 7 +0.25 5.4 
61-S4 |, | 5.2 61-84 +0.20 4.8 


6 drops of cod liver oil also were fed to each rat daily to supply the 
fat-soluble vitamins. 
one a synthetie product, and the other a preparation made from 


desiccated ox bile. 


Two samples of taurine were employed, 


They showed on analysis 11.22 and 11.16 
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per cent nitrogen respectively, as compared with a theoretical 


nitrogen content of 11.19 per cent. 


As was to be expected, no 


differences were observed in the effects of the synthetic and 
natural taurine. 


TABLE IV. 
Food Consumption and Body Weight Changes. 


Average Average | Average Avera 
daily daily | daily | daily 
Days. Diet No. | change in food Days. Diet No. | change in food 
body consump- consulp- 
weight. tion. weight | tion. 
Rat 375¢. | Rat 376°. 
gm. gm. | | gm. gm. 
1-20 | +1.15 | 7.0 1-20 |) +0.35 | 6.1 
21-40 +0.85 6.0 21-40 +0.50 5.8 
41-60 8 +0.95 5.8 41-60 > 29 +0.35 5.0 
61-80 +0.75 5.2 61-80 +0. 20 4.8 
$1-92 | +0.67 5.5 81-92 +0.67 5.5 
Rat 377-7. Rat 378°. 
1-20 |) | +0.10 | 5.4 1-20 |] —0.05 | 4.3 
21-40 | +0.85 5.3 21-40 |, +0.65 | 4.2 
41-60 |; 30 | +0.55 | 5.6 | 41-60 |; 30 +0.30 | 4.5 
61-80 +0.50 5.6 61-80 +0.30 | 4.5 
81-92 |) | +0.42 | 5.5 | 81-92 |) +0.58 5.0 
Rat 379°. Rat 380°. 
1-20 |) | —0.20 | 5.3 1-20 |) +0.35 | 5.8 
21-40 || | +0.75 4.7 21-40 +0.65 5.6 
41-606 30 +0. 20 4.8 41-60 |} 29 +0.40 5.4 
61-80 | +0.35 4.5 61-80 +0.40 5.1 
$1-92 +0.33 | 4.7 81-92 | | +0.17 | 5.2 
Rat 3812. Rat 382°. 
1-20 | | eee | 40 120 | +1.30 | 6.1 
21-40 +0.50 4.6 21-40 +1.00 6.2 
41-60 |> 29) | 40.15 4.2 41-60 28 +0.95 5.9 
61-80 || | +0.25 4.0) 61-80 +1.30 6.6 
81-92 |) | —0.08 3.8 81-92 | +0.92 7.3 


The results of the experiments are 
and II and Table II. 
change in body weight and average daily food consumption of 


summarized in Charts I 


Tables III and IV show the average daily 
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each experimental animal. The upper four curves in Chart I 
represent the growth of rats of the same litter (Litter A). The 
lower four curves were secured with animals of a second litter 
(Litter B). In Chart II all of the growth curves are for animals 
of a single litter (Litter (). The data are self-explanatory and 
require very little discussion. It is evident that the addition of 
taurine to a cystine-deficient ration does not improve the quality of 
the food. Rats upon the basal diet of casein unsupplemented with 
cystine grow quite as well as do animals which receive taurine. 
When cystine is incorporated in the ration the rats grow at a 
much more rapid rate. These facts are manifested also by the 
data in Table II, in which are shown the total gains in weight of the 
individual rats. Despite the fact that the members of a given 
litter are not always equally successful in growing even upon 
the same diet, the figures clearly show that the administration of 
taurine does not accelerate the increase in body weight. It is 
quite evident, therefore, that Mitchell’s findings are unwarranted. 


SUMMARY. 


The results of feeding experiments in which young rats served 
as the experimental subjects show that taurine is totally incapable 
of replacing cystine in the diet for purposes of growth. 
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SOME EXPERIENCES WITH PRODUCTION OF COLLOIDAL 
LEAD. 


By WILHELM STENSTROM ann MELVIN REINHARD. 
(From the State Institute for the Study of Malignant Disease, Buffalo.) 


(Received for publication, June 21, 1926.) 


In 1920, Bell began the injection of colloidal solutions of lead 
salts intravenously in cases of cancer. His first experiments 
indicated that lead had a specific action on the cancer tissue. The 
toxic effects of the sols he used at first were so pronounced that 
only very small quantities of lead could be administered. The 
toxicity seemed to depend largely upon the lead ions and Bell 
tried to reduce their concentration. For this reason, in 1924, 
he abandoned sols of lead salts in favor of colloidal lead and thus 
could inject much greater quantities of the metal. 

As late as March 13, 1926, Bell states (1) that his collaborators 
had not as yet succeeded in preparing a stable solution of colloidal 
lead. Fresh solutions, therefore, had to be prepared at least twice 
a week and the solution could not be distributed. It was, there- 
fore, necessary to have colloidal solutions of lead produced at each 
institute where experimentation with it was desired until a stable 
solution had been found. The method used at the Liverpool 
institute for production of the colloidal lead is deseribed (1, 2). 
Bell states that gelatin and calcium chloride are used together in 
order to stabilize the colloidal solution and in the later article he 
gives the proper amounts as 0.4 per cent gelatin and 0.027 per 
cent calcium chloride. 

Guided by the information given in the articles referred to 
above, we have experimented for several months in order to study 
the behavior of lead sols and to find a more stable one. ‘The fol- 
lowing details and findings may be of interest. 

We constantly used the same general method as Bell’s collab- 
orators; namely, an are between lead electrodes. At first we 
tried all kinds of current which were available; namely, 110 volts 
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direct current, 110 volts 60 cycle, 220 volts 25 cycle, 220 volts 60 
cycle, high frequency current from a Wappler thermoelectric 
machine using 2 to 3 amperes, and Tesla frequency with very small 
current. We obtained best results with 220 volts 60 cycles and 
used this current for the following experiments. A resistance of 
12 ohms was in the circuit so that 18 amperes passed through 
when the electrodes touched each other. The holders for the 
electrodes were made of lead and kept in a vertical position under a 
wooden stand so that they could be introduced into a glass beaker. 
One of the holders was attached so that it could be moved by 
means of rack and pinion and had to be adjusted almost con- 
tinuously during the arcing (or sparking). The electrodes were 
made from chemically pure lead 9 mm. in diameter. 200 to 400 
ec. of solution were used at a time and the arcing kept up for about 
10 minutes. The first solutions were centrifuged 3 to 4 minutes 
at about 1200 revolutions per minute before they were analyzed. 
Solutions made later were centrifuged for 2 minutes at about 1800 
revolutions per minute. The radius during the centrifuging was 
11 cm. for the top of the solution and 19 cm. for the bottom. The 
solutions were tested for lead ions with negative results.'. The 
water used had been either doubly or triply distilled and the pH 
varied from 4 to 5. The concentration of the lead was determined 
either by weighing the water or solution before and after the sol 
had been produced or by dissolving the colloidal lead and precipi- 
tating it as lead chromate. Both methods were in some instances 
used on the same sol and they checked within 10 per cent. 

It seemed of interest to study a pure lead sol at first. By means 
of an arc in distilled water such solutions were made. When the 
pH was increased from 4 to about 5 with a trace of sodium hydrox- 
ide, a more concentrated colloidal solution could be made. In 
the case of a sol which contained 0.06 per cent lead, the pH was 
determined colorimetrically and found to be about 5 before and 
8.5 after the colloidal solution had been made. This change in 
hydrogen ion concentration was evidently due to the production 


' These tests were made in the following way. .\ semipermeable bag was 
nearly filled (20 ce.) with the sol and placed in a small bottle containing 
about 100 cc. of distilled water. It was left for about 1 hour and the dis- 
tilled water was then tested with potassium bhichromate. No precipitate 
was discovered for any one of the sols. 
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of lead hydroxide which is partly ionized. A saturated solution 
of lead hydroxide gives a pH above 10. In order to test the 
stability of the sol a test-tube with about 635 em. of this sol was left 
undisturbed. After 24 hours the lead had settled down so that a 
perfectly clear water column about 1 em. high was left at the top 
sharply separated from the evenly colored (dark gray) colloidal 
solution below. In about 1 week the lead had settled down to the 
bottom. A cataphoresis test in a U-tube with distilled water 
above the sol on both sides showed that the black column traveled 
towards the cathode with a speed of about 3 u per second in a field 
of 1 volt per em. ‘The colloidal lead was precipitated by electro- 
lytes and also by gelatin. 

After we had examined the pure lead sol we tried to make sols in 
solutions and produced at first a weak lead sol by arcing in a solu- 
tion of 0.027 per cent calcium chloride. The lead soon precipitated 
out in a part of this sol which was left alone. Isoelectric gelatin 
added to another part made it keep better but most of the lead 
precipitated within 24 hours. Next a black dispersion was pro- 
duced by arcing in a 0.4 per cent solution of gelatin in distilled 
water. All the lead settled down during the centrifuging. 

After this preliminary experimentation we began to use Bell’s 
formule and found that arcing in a solution of 0.4 per cent gelatin 
and 0.027 per cent calcium chloride gave fairly good solutions. 
Ilowever, the lead oxidizes quite easily in such solutions. The 
color thus changes to a lighter gray. A cataphoresis test was 
made similar to the one described above. The column of the sol 
traveled about 3 uw per second in a field of 1 volt per em. towards 
the anode. Thus it traveled in opposite direction to and much 
slower than the pure lead sol. It took about 14 days for the lead 
to settle down to the bottom of a test-tube which was filled to a 
height of 65 em. with the sol. The sol seemed to have the same sta- 
bility as before after 2.0 per cent sodium chloride, 0.05 per cent 
potassium chloride, and 0.027 per cent calcium chloride had been 
added (the same amounts of salts as Bell added). A small amount 
of sodium hydroxide increased the rate of oxidation and reduced the 
stability. If the pH was adjusted to about 6 by addition of sodium 
hydroxide before the arcing the lead did not seem to oxidize so 
readily. After the sol was produced the pH{ was about 9 (meas- 
ured colorimetrically). When less gelatin was used the lead 
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oxidized easier and the sol was less stable. One batch of the gela- 
tin calcium chloride lead sol containing 0.132 per cent lead was 
poured into a cylinder 4 em. in diameter immediately after it 
was made and the eylinder was sealed well with a rubber stopper. 
After 40 days the upper 53 em. were partly clear, partly white. 
The 153 em. below looked the same as when the sol was poured in. 
It seems evident that the sol is fairly permanent if the absorption 
of air is prevented. 

Bell stated that calcium salts seemed necessary in order to stabi- 
lize the sol. We tried other chlorides using the same atomic con- 
centration of chlorine. ‘Table I gives the concentration we ob- 
tained with the different salts when other conditions were kept 


TABLE I. 


Salt. Salt. Lead. ew 
per cent per cent 

0.044 0.14 0.20 3 


about the same and the arcing was kept up for 10 minutes in 200 
to 400 ce. of water solution. The order in which these solutions 
arrange themselves with respect to stability is shown in the last 
column. Barium chloride is the poorest salt of those given and 
potassium chloride the best one. We studied the different solu- 
tions with an ultramicroscope and noticed that the particles varied 
in size. The particles in the potassium, sodium, and iron chloride 
solutions twinkled very much suggesting a disc shape. Hardly 
any twinkling was noticed in the calcium chloride solution and the 
particles there, therefore, probably were nearly spherical. ‘The 
disappearance of the twinkling may however, depend upon the 
oxidation of the lead which is especially rapid in thin layers of 
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the calcium chloride lead sol. After we had found that the gelatin 
potassium chloride solution gave a good sol we tried different 
amounts of the salt and also a combination of potassium and iron 
chlorides as shown in the lower part of Table I. We concluded 
that about 0.04 per cent potassium chloride was a favorable 
concentration. 

In order to find out how well the lead sol made with potassium 
chloride solution stands up we filled a container 65 em. high and 
3.5 em. in diameter with this sol after 2 per cent sodium chloride, 
0.05 per cent potassium chloride, and 0.027 per cent calcium chlo- 
ride had been added. ‘The sol was not poured in but was drawn 
up through a side tubing placed 3 em. from the bottom so that the 
exposure to the air was small. The container was left well stop- 
pered. Samples were taken out through the side tubing at in- 
tervals of 1 or more days. Each time the sample was divided in 
two parts. One part was analyzed immediately, the other part 
was centrifuged for 2 minutes and then analyzed. The difference 
in concentration between the two parts did not at any time reach 
10 per cent. The analysis gave 0.22 per cent lead when the con- 
tainer was filled and 0.21 per cent when the last sample was taken 
out after 7 days. About 1 em. at the top of the sol was almost 
clear at that time and was not taken out with the last sample. 
Sols have since been kept in the same container for longer time 
and have been quite stable, without any appreciable change in 
concentration. 

Potassium chloride lead sols stand up well in open test-tubes. 
They will, however, keep better if the tubes are stoppered. The 
addition of salts (at least in the proportion mentioned above), 
after the sols are made, helps to stabilize them. These sols also 
will stand heating to the boiling point. The concentration of lead 
can be increased by prolonged arcing. One bateh of 200 ce. 
showed a concentration of 0.85 per cent lead after 20 minutes of 
areing and regular centrifuging. 

The iron and the potassium chloride lead sols have been used 
for intravenous injections into patients and mice and do not seem 
to be any more toxie than the calcium chloride lead sol which was 
used at first. 1 week old potassium chloride lead sol kept in the 
container referred to above did not have more toxic effect on mice 
than freshly made sol. It seems, therefore, that we have obtained 
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a lead sol of such stability that it may be used for more than a week 
and also may be distributed during that period. 

We intended to collect more data before publishing this article 
but our work had to be interrupted and due to the general interest 
which the treatments with lead in one form or another have 
aroused we considered it advisable to publish our findings. 
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THE DECOMPOSITION OF CREATININE WITH BARYTA. 


By OLIVER HENRY GAEBLER. 


(From the Biochemical Laboratory, State University of Iowa, Iowa City.) 
(Received for publication, June 14, 1926.) 


‘The behavior of creatinine towards alkalies of various kinds and 
under various conditions has been of interest for many years. Its 
conversion to creatine by the action of alkali, and subsequent 
hvdrolvsis of creatine to sarcosine and urea, were among the facts 
presented in Liebig’s classical paper (1). Later, Neubauer (2) 
obtained methyl hydantoin'! by action of baryta on creatinine. 
Ellinger and Matsuoka (3) reported the formation of methyl 
hvdantoin from creatinine when the latter was dissolved in sterile 
0.75 per cent sodium carbonate solution and allowed to stand. 
This finding threw some doubt on the conclusion of Ackermann 
(4) that methyl hydantoin was formed from creatinine by bacteria. 
:llinger and Matsuoka also found that when ammonia is used as 
alkali, phenylglvecoeyamidine is not hydrolyzed, and Benedict (5) 
observed that creatinine is not changed to creatine by concentrated 
ammonia, 


1. Course of the Decomposition. 


In the Neubauer method for preparation of methyl hydantoin 
creatinine is heated in a sealed tube with excess of baryta and 
sufficient water to effect solution. Ammonia and barium carbon- 
ate are removed, the remaining barium is precipitated with excess 
of sulfurie acid, and the filtrate evaporated to small volume. 
While the product which erystallizes out is methyl hydantoin, 
one might at once suppose that at the end of the decomposition 
with baryta the hydantoin subsequently isolated had been pres- 
ent as methyl hydantoie acid. While Salkowski found that boil- 
ing with barium carbonate changed methyl hydantoie acid to 
methyl hydantoin, it is well known that stronger alkalies convert 
methyl hydantoin to the corresponding acid. In keeping with 


‘Throughout this paper ‘‘methvl hydantoie acid’ designates the 
beta-methyl acid, and ‘‘methyl hvdantoin’”’ its anhydride. . 
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this fact, if at the end of the decomposition, one removes the ba- 
rium with the exact equivalent of sulfuric acid and extracts with 
chloroform, only negligible quantities of methyl hydantoin are 
obtained, while after evaporation of the same solution with excess 
of sulfuric acid the yield of methyl hydantoin from creatinine is 
over 50 per cent of theory. Methyl hydantoin is quite soluble in 
chloroform while methyl hydantoic acid is not. The very large 
amount of barium which cannot be removed from the products of 
decomposition with carbon dioxide gives the same evidence as to 
the end-product of the reaction. And if one decomposes a con- 
centrated solution of creatinine with baryta and removes the ba- 
rium with sulfuric acid in hot solution, large amounts of very pure 
methyl hydantoic acid separate from the filtrate on cooling. 

Bearing in mind that Hoppe-Seyler and Baumann (6) synthe- 
sized methyl hydantoic acid by condensing sarcosine and urea in 
the presence of excess of baryta, and that Lippich (7) found this 
to be a very general reaction the question arises as to whether 
the methyl hydantoic acid formed from creatinine originates 
directly or indirectly. Creatinine might lose its imido group by 
hydrolysis and be converted to methyl hydantoin, and this by 
further action of the alkali be converted to methyl hydantoic acid. 
Similarly, the reaction might proceed from creatinine to creatine 
and thence to methyl hydantoic acid, or, finally, from creatinine 
through creatine to sarcosine and urea, and by condensation of 
the latter two compounds, to methyl hydantoic acid. These reac- 
tions are expressed in the following structural formule: 


H—N——_ C—O H—N—H H—N—H 
| | | Urea 
HN-—C — HN—C O—C 
| H—N—H | 
CH;—N CH. CH;—N—CH.—-C—OH ! 
| CH | 
N—CH.—C—OH 
{ 
H—N C—O Sarcosine. 
| | 
| | | 
CH;—N —— CH, CH;—N—CH.—C—OH 


Methyl hydantoin. Methyl! hydantoie acid. 
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2. Methods of Analysis. 


In investigating the course of this reaction, over 60 decomposi- 
tions were carried out. In each case, 1 gm. of creatinine, 1.5 gm. 
of crystalline barium hydroxide, and 5 cc. of water, were placed in 
a heavy Pyrex tube of 30 cc. capacity. The tubes were sealed 
quickly and heated in boiling water for varying intervals,—15, 
30, 45 minutes, 1, 2, 4, 6, 8, and 12 hours. The tips of the tubes 
were broken under 50 cc. of water containing 10 cc. of normal sul- 
furic acid. By means of a bent capillary, the contents of the tube 
were blown out and acid aspirated into the tube. After washing 
the tube, the mixture was made up to 100 cc., and filtered. Am- 
monia determinations were carried out on the filtrate by the use of 
permutit (8), and subsequently by aeration, in the course of the 
urea determination. The latter was done by the urease method, 
after buffering the filtrate to optimal pH. Creatinine and creatine 
were estimated by the micro method of Folin (9). Carbon dioxide 
was estimated in separate decompositions by weighing the barium 
carbonate formed and subtracting a blank. 


3. Isolation of Methyl Hydantoin. 


To determine methyl hydantoic acid, advantage was taken of 
the fact that methyl hydantoin is soluble in chloroform, while 
all other products obtained by evaporating the filtrate with 
acid appear to be quite insoluble, or form acid addition products 
which are insoluble in chloroform. Ammonia was removed by 15 
minutes aeration after opening the tubes and before dilution and 
addition of sulfuric acid. The filtrate from the barium precipita- 
tion was then evaporated nearly to dryness. After washing down 
the sides of the glass dish with a little water, 10 cc. of normal 
sulfuric acid were added and evaporation continued to a syrup 
which was still mobile, and which, on removing from the steam 
bath and cooling while rubbing with a stirring rod, quickly changed 
to a loose mass of micro crystals. The amount of acid added in 
excess of that required to precipitate barium is important. The 
shorter decompositions require an excess of 10 ec. of normal acid; 
the longer ones, such as the 8 hour and 12 hour, require only 4 to 
See. This is due to the large amount of residual substances form- 
ing acid addition products in the shorter decompositions. If too 
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much acid is added, or evaporation is carried too far, the syrups 
are colored and effervesce on rubbing; if too little is added, the 
chloroform extract is contaminated with substances other than 
methyl hydantoin. 

After crystallizing the syrup, 50 ec. of chloroform are added and 
rubbing is continued while heating to boiling. At first it appears 
that everything has gone into solution, but on decanting the ex- 
tract through a filter wet with chloroform, a syrup, almost invisible 
under chloroform, is found on the bottom of the dish, while all 
crystals of methyl hydantoin have disappeared. The syrup is 
rubbed twice more with 25 ec. portions of boiling chloroform, the 
combined extracts evaporated, and the methyl hydantoin weighed 
and submitted to melting point and nitrogen determinations. 
Methyl hydantoin gives a positive reaction in as high dilution as 
1:20,000 when treated with sodium nitroprusside, ammonium 
sulfate, and ammonia, as in Rothera test for acetone bodies. 
Hence a solution of the residue was tested for completeness of 
extraction, which was found to be about 95 per cent. That methyl 
hydantoic acid present was almost completely dehydrated was 
shown by the fact that when barium hydroxide was added to a 
solution of the residue it could be removed with carbon dioxide 
down to a small trace. 


4. Isolation of Sarcosine. 


The isolation of sarcosine offered serious difficulties. In proving 
the presence of sarcosine in a mixture of the same with urea, Bau- 
mann and von Mering (10) condensed the two and isolated methy! 
hydantoin. Neubauer made no mention of sarcosine as a product 
of decomposition of creatinine under the conditions he chose. In 
the svrups obtained in the experiments here described, the presence 
of sareosine could always be demonstrated by removing sulfuric 
acid with barium carbonate, evaporating again to a syrup, and rub- 
bing with absolute aleohol. The method was applicable in the case 
of longer decompositions of which the residues contained little crea- 
tinine, but useless in the earlier ones. All difficulties were finally 
overcome by the use of a2 N solution of sodium ethylate, prepared 
by adding sodium to absolute aleohol. 5 ec. of this solution dis- 
solve a mixture of 200 mg. of creatinine and 300 mg. of urea during 
a few minutes shaking, and addition of 5 ec. of ether produces no 
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permanent precipitate. Sodium ethylate solution, on the other 
hand, precipitates sarcosine from a syrup as the sodium salt, and 
addition of ether makes the recovery more complete. The sodium 
salt is obtained in white silvery leaflets, the weight and appearance 
of which remain unaltered at 105°. The salt contains 12.6 per 
cent of nitrogen and is strongly alkaline. <A solution of 200 mg. 
in about 20 ec. of water requires 0.97 millimol of hydrochloric acid 
per millimol of salt, to titrate to a colorless phenolphthalein end- 
point. 

In order to apply the method to the products of reaction one 
must remove methyl hydantoic acid and avoid presence of either 
barium or sulfate and of other inorganic substances excepting 
ammonia. This was done as follows: | gm. lots of creatinine, 5 ce. 
portions of water, and the exact amount of crystalline barium 
hydroxide which would be neutralized by 9.5 cc. of normal sul- 
furic acid, were sealed into tubes and heated as before. After 
dilution and addition of 9.5 ec. of normal sulfuric acid the mixture 
was heated to boiling, filtered quantitatively, and the filtrate - 
evaporated on a steam bath. An additional 9.5 cc. portion 
of normal sulfuric acid was then added, after which evaporation 
and isolation of methyl hydantoic acid as methyl hydantoin, were 
carried out exactly as previously described. The residue, includ- 
ing hot water washing of the filter through which the chloroform 
extract had been poured, was made up to about 30 ce. Exactly 
the same amount of barium hydroxide previously used was dis- 
solved in hot water and added. The mixture was boiled and 
filtered quantitatively. This filtrate was evaporated to an immo- 
bile, colorless, syrup but not to the point of crystallization. 5 ce. 
of 2 N sodium ethylate (from sodium and absolute alcohol) were 
added while the dish remained on the steam bath, and after 
thorough rubbing with a small stirring rod the dish was removed 
from the bath. After brief cooling, 5 ec. of ether were added. 
The white crystalline product was filtered off on a very small 
suction filter and washed with four 5 ce. portions of absolute alco- 
hol-ether (equal parts), and finally with 5 cc. of ether. After a 
few minutes drying at 105° the product was weighed. Crystal- 
line appearance, titration, and nitrogen analyses served as means 
of identification and tests were applied for barium, sulfate, chlor- 
ide, and carbonate. 
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From syrups prepared from known sarcosine, urea, and crea- 
tinine in amounts such as those in the 1 and 12 hour decomposi- 
tions, the recovery was found to be 84 to 88 per cent of theory, 
the weight of sodium salt obtained approximately equalled that 
of the sarcosine added. Since most of the possible impurities 
have either a high nitrogen content as compared with sodium 
sarcosinate, or a neutral reaction, titration and nitrogen content 
are exacting tests. The isolation figures recorded include only 
products which fell between 12.55 and 12.65 in nitrogen content 
and gave titrations of 0.96 to 0.97 millimol of acid per millimol of 
compound regarded as sodium sarcosinate. 


TABLE I. 
Products of the Decomposition of 1 Gm. of Creatinine with Baryta. 
Methyl. Sarcosine 
Creatine hydantoic 
hydantoin. salt. 
Ars. mg mg. mg. mg. mg. mg. mg. 
0.25 264 153 137 130 38 
0.50 166 SS 191 190 ol 6.5 
0.75 100 60 221 230 08 
1.0 65 231 270 64 12.6 387 
2.0 208 298 76 22.2 
4.0 174 378 86 23.8 
6.0 159 455 95 26.6 
8.0 131 495 114 28.8 
12.0 118 060 121 33.4 260 


The complete results of analysis are recorded in Table I. Crea- 
tine is expressed in terms of creatinine, methyl hydantoic acid as 
methyl hydantoin isolated, and sarcosine as the weight of the sodi- 
um salt isolated. Since the figures represent mg. of product from 
1 gm. of creatinine, and since creatinine, methyl hydantoin, and 
the sodium salt of sarcosine have nearly the same formula weight, 
the per cent of creatinine remaining as such, or represented by 
creatine, methyl hydantoic acid, or sarcosine at any time is 
readily obtained by pointing off one place in the number of mg. of 
the corresponding substance. No corrections are made for in- 
completeness of isolation procedures. 

Methyl hydantoic acid is readily dehydrated by boiling with 
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picric acid. Since methyl hydantoin gives the Jaffé reaction the 
creatine determinations are interfered with in the longer decom- 
positions where proportionally larger amounts of methyl hydantoic 
acid are present. In the shorter ones, interference is negligible 
because of the extraordinary slow rate of color development methyl 
hydantoin gives in alkaline picrate (3). 

It will be seen that at the end of 1 hour, when perhaps 100 to 
150 mg. of “total” creatinine remain, only 270 mg. have been con- 
verted to hydantoie acid. The residual creatinine and creatine 
could not possibly be the precursor of an additional 290 mg. of 
methyl hydantoic acid (as methyl hydantoin) obtained at the end 
of 12 hours, when 56 per cent of the original creatinine could be 
isolated as methyl hydantoin. Moreover, the figures for urea 
reach a maximum at the time when most of the creatinine is unac- 
counted for as such, as creatine, or as methyl hydantoic acid, — 
suggesting that at this time sarcosine and urea represent a large 
fraction of the original creatinine. 

The decrease of urea and increase of ammonia, as hydantoic 
acid increases, also fit in qualitatively with the view that after the 
lst hour much of the last compound formed originates from sar- 
cosine and urea, and this is entirely confirmed by the sarcosine 
isolations. The amount of ammonia formed will not permit the 
interpretation that the decline of urea and increase of methyl 
hydantoiec acid are merely coincident. Finer comparisons can- 
not be made because of limitations of methods. 

The amount of barium hydroxide used in these experiments 
only slightly exceeds that of 3 gram atom of barium per formula 
weight of creatinine. Very slight decreases in the amount used, 
such as reduction of the amount from 1.5 to 1.4 gm., decreased 
the yield of methyl hydantoin. An attempt to increase the yield 
by increasing the amount of barium hydroxide used would prob- 
ably have its limitations since methyl hydantoin, on heating alone 
with baryta, is known to break up into sarcosine, ammonia, and 
carbon dioxide. Liebig used a large excess of baryta and obtained 
sarcosine in quantity, but methyl hydantoin in quantities insuf- 
ficient for analysis. He described the compound, however, and 
Neubauer using “one and one-half parts” of barium hydroxide 
obtained it in quantity. In the experiments here reported the 
conditions are similar to those of Neubauer, and the yield of 
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methyl hydantoin from creatinine is 56 per cent of theory at the 
end of 12 hours and that of sarcosine 26 per cent, while in 1 hour a 
38 per cent yield of sarcosine and 27 per cent yield of methyl 
hydantoin are obtained. An equilibrium is involved in which 
excess of alkali and time of heating are factors. 


Preparation, Various Properties, and Reactions of Methyl ITydantoin 
and Methyl Hydantoic Acid. 


The preparation of either or both of these compounds from cre- 
atinine by a modified Neubauer method is very simple. 10 gm. of 
creatinine, 15 gm. of crystalline barium hydroxide, and 50 ec. of 
water, are placed in a pressure bottle and heated in boiling water 12 
hours. The mixture is poured into a beaker and heated to boiling. 
20 ce. of 5 N sulfuric acid are added slowly at the boiling point. 
The suspension is then centrifuged. The supernatant liquid is 
filtered while still hot and cooled in ice. 2 ec. of 18 N sulfuric acid 
are added. Heavy crystallization of methyl hydantoie acid takes 
place as the reaction becomes acid to Congo paper, and since the 
other compounds are very soluble in water, the product is pure. 
It is washed with cold water and alcohol, then with ether, and 
dried. Yield 3.7 gm. Rinsing of vessels and washing of filters 
is omitted up to this point to avoid dilution. Such washings 
are now combined, centrifuged, filtered, and added to the mother 
liquor and washings from the methyl hydantoic acid. The solu- 
tion is evaporated until the contents of the dish solidify completely 
on cooling. Methyl hydantoin is removed by extracting four or 
five times with 40 ce. portions of boiling chloroform, decanting this 
each time through a filter wet with chloroform and keeping back 
the syrupy residue. If the product obtained on evaporation of 
the chloroform extracts is not colorless, it can be recrystallized by 
dissolving in the smallest possible quantity of boiling absolute 
alcohol, and cooling to zero or below. If methyl hydantoin alone 
is desired, separation of methyl hydantoic acid is omitted, and the 
yield is over 50 per cent. If methyl hydantoic acid is desired, the 
hydantoin recovered at the end of the procedure is boiled again 
with its equivalent of baryta in concentrated solution, after which 
removal of barium and erystallization of methyl hydantoic acid are 
repeated. Decomposition of methyl hydantoin into other prod- 
ucts is not too rapid to make this procedure applicable. In 
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an experiment in which creatine (13.2 gm.) was used instead of 
10 gm. of creatinine the initial yield of methyl hydantoie acid was 
4.5 gm. instead of 3.7. 

Salkowski (11) found the melting point of methyl hydantoin at 
156° and records no melting point for the corresponding acid, 
probably because of the ease with which it changed to the anhy- 
dride. L. Baumann (12) records a melting point of the compound 
(methyl ureido acetic acid) which is identical with that of the 
anhydride prepared from it. His nitrogen and titration values 
and conversion of the acid into the corresponding hydantoin iden- 
tify the compound and are much the safer tests of purity. The 
writer found that four preparations of the acid melted anywhere 
between 132-—140° in an open capillary tube, depending on time of 
heating, and always melted with vigorous effervescence. With 
rapid heating in sealed capillary tubes (7), the above preparations 
melted with effervescence at 142°. The nitrogen values were all 
between 21.1 and 21.3 (theory 21.2), and 1.55 gm. samples used in 
metabolism experiments required 11.6 to 11.65 ce. of N NaOH to 
neutralize to phenolphthalein (theory 11.7). 

Methyl hydantoin, as stated above, gives a coloration with 
nitroprusside. KEngfeldt’s (13) modification of the Rothera tech- 
nique may be employed, in which case a faint coloration is obtained 
when 10 ce. of a solution containing 5 mg. per 100 cc. are saturated 
with ammonium sulfate, and after addition of 2 to 3 drops of 5 per 
cent sodium nitroprusside, made alkaline with 1 ee. of 25 per cent 
ammonia. The color is, however, not that of permanganate, but 
lies between the red and orange. Methyl hydantoic acid does not 
give the reaction. 

In Chart | the relative color development of methyl hydantoin 
and creatinine is shown. Ilydantoin was also studied. In each 
ease 10 ee. of a saturated picrie acid solution containing 5 mg. of 
the substance per 100 ce. were made alkaline with 1 ce. of 1.25 
N sodium hydroxide or 4 N sodium carbonate, and the color read 
against potassium bichromate solutions. A separate determina- 
tion was carried out for each length of time indicated. The bichro- 
mate solutions were 0.125 to 1.0 N, and their relative color values 
were determined colorimetrically, taking the normal solution as 
1000. The results have relative value only, since in the case of 
the compounds giving a progressive color reaction for 3 hours the 
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curves could not be duplicated perfectly from day to day, although 
the relative values were consistent. Each curve is a composite 
of three series. When sodium hydroxide is used as the alkali, 
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CuartT 1. Relative color reactions of methyl hydantoin and creatinine. 
Curve 1, creatinine, with sodium hydroxide as alkali. Curve 2, methyl 
hydantoin with sodium hydroxide as alkali. Curve 3, methyl hydantoin 
with sodium carbonate as alkali. Curve 4, creatinine with sodium carbon- 
ate as alkali. 


methyl hydantoin shows a slow color development which at 10 
minutes is almost negligible as compared with creatinine (3, 12), 
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but in 3 hours amounts to nearly two-thirds that of creatinine. 
When sodium carbonate is used as alkali, however, creatinine 
gives the hydantoin type of curve, and methyl hydantoin gives the 
stronger color. The curve for hydantoin with sodium hydroxide 
fell just below that for methyl hydantoin with sodium carbonate 
as alkali, and that for hydantoin with sodium carbonate just 
below that for creatinine with the same alkali. 

Methyl hydantoic acid gives a very faint color reaction with 
alkaline picrate which, if sodium hydroxide in the above amounts 
is used as alkali, is about 13 per cent that of methyl hydantoin, 
readings being takenin $ hour. The acid is very readily converted 
to the corresponding hydantoin by boiling with picric acid as in 
the Folin method for determining creatine. In water solution, 
according to colorimetric determinations, 35 per cent changed 
over to methyl hydantoin ina week. In the experiments of Myers 
and Fine (14) only 9 per cent of creatine changed to creatinine 
in pure solution during 13 days, and 59 days passed before 30 per 
cent had changed over. Methyl hydantoin, however, did not 
change to methyl hydantoic acid in water solution. The color 
reaction remained unchanged for several months. Hydantoic 
acid, on the other hand, is more difficult to dehydrate than crea- 
tine. It is unaffected by boiling with picric acid for a time which 
would dehydrate creatine completely. The acid was prepared 
from glycocoll and urea by the method of Hoppe-Seyler and Bau- 
mann (6), with excellent yields, and converted to hydantoin by 
evaporation with strong hydrochloric acid. 

With reference to kaolin adsorption it was found that while 2 
gm. of kaolin readily remove 0.15 mg. of creatinine from 15 ce. 
of saturated picric acid during 10 minutes shaking, only a negligi- 
ble quantity of methyl hydantoin was removed from picric acid 
solution under the same conditions. The compound differs 
from creatinine in this respect as in the loss of all basic characteris- 
tics,—retention of hydrochloric acid, precipitation with phospho- 
tungstic and picric acids, or addition of zine chloride. The 
complete difference from creatinine physiologically (15) will be 
discussed later. 
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CONCLUSIONS. 


1. The course of decomposition of creatinine by baryta under 
given conditions has been studied. Methyl hydantoie acid is in 
part, at least, a condensation product of the sarcosine and urea 


formed. 

2. Methods are given for preparation of methyl hydantoin and 
methyl hydantoic acid from creatinine, and for isolation of sarco- 
sine from a mixture of the same with creatine, creatinine, methy] 
hydantoie acid, and urea. 

3. The relative color reactions of hydantoin, methyl hydantoin, 
and creatinine with alkaline picrate are recorded. 

4. Methyl hydantoin is not removed from picric acid solution 
by kaolin. 

5. Methyl hydantoic acid is dehydrated more easily, and hydan- 
toic acid with greater difficulty, than creatine. 
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Recognizing the increasing importance attached to water ex- 
change in the body for the study of many clinical and physiological. 
conditions we (1) described in 1924 a new and convenient method 
of determining specific gravity. Obvious advantages attach to 
densimetry performed with | drop of body fluid, in less than a 
minute’s time. While these ends were attained by the method 
as first described it has now been so modified by simplification, 
refinement of sensitivity, and extension of scope, as to demand an 
entirely new and more complete description. 


(reneral Principles. 


The principle of the method involves timing the fall of a drop 
of body fluid of known size, through a definite distance in a mixture 
non-misecible with the fluid. This mixture should have a low 
viscosity and a specifie gravity somewhat below that of the fluid 
to be tested. It consists of two substances, one heavier and one 
lighter than the range of fluids to be tested, so that by adjusting 
the proportions, the specific gravity of the mixture can be adapted 
to the expected conditions. ‘Two satisfactory substances of suffi- 
ciently low volatility and viscosity were found in xylene and 
bromobenzene. 

A heavier drop will fall faster than a drop nearer the density 
of the XBB mixture, and our previously published curve exhibits 
the values for density differences between drop and mixture in 
terms of falling time. The relative accuracy of these values is 


* The development of the method herein described has been assisted 
by a grant from the Ella Sachs Plotz Foundation. 
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extremely great; the absolute accuracy, however, in the original 
method hinged upon the absolute specifie gravity and viscosity of 
the XBB mixture. Both of these factors are influenced by the 
temperature and degree of purity of the organic fluids. The effect 
of temperature upon XBB density was formerly followed with a 
Westphal balance; its effect upon viscosity is so small that it did 
not at first attract our attention. 

By eliminating the Westphal balance and similar cumbersome 
complements of hydrometry as well as by diminishing tube length 
and bore, the apparatus is rendered portable. Sampling is facili- 
tated by reducing the required drop size to 10 emm. The 
present modification not only obviates errors due to temperature 
differences in various parts of the tube, but also eliminates the 
XBB viscosity changes due to temperature. 

The most essential improvement in the procedure is that no 
determination of the exact density of the XBB mixture is required 
but merely the falling time of a salt solution of standard density. 
This serves as an index to the significant relations between drop 
and XBB mixture obtaining at the moment. 


Procedure. 


A standard solution of potassium sulfate of known density 
(Table I) is the basis for the determinations. The proper XBB 
mixture is held in a tube of standard bore. Just below the surface 
of the XBB adrop containing exactly 10 emm. of standard solution 
is released from the pipette to be described. The falling time, 
over a distance of 30 cm., is determined by a stop-watch. Apply- 
ing to the alignment chart a ruler or taut thread against the proper 
falling time and room temperature, one now reads the apparent 
density difference between the standard and the XBB. 

The fluid of unknown density is at once tested in the same way 
and its value read. 

It is now only necessary to subtract algebraically the standard 
XBB apparent density difference from the unknown XBB ap- 
parent density difference, and add the result to the standard 
KX.SO, solution density. This gives the specific gravity of the 
tested body fluid. 

Standard Solutions.—Potassium sulfate provides satisfactory 
solutions of standard densities because of its stability and the 
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fact that it is not hygroscopic. It dissolves so slowly that in pre- 
paring the solutions it is convenient to boil them. The standard 
solutions (which include distilled water) necessary for the whole 
range of body fluids are given in Table I. They are made up at 
20°C. with freshly distilled water and keep indefinitely in siphon 
bottles under oil. The ratio of concentration to density is suffi- 
ciently constant to permit, by simple proportionate mixing of two 
standard solutions, the attainment of any intermediate density 
desired. 

Pipette-—The pipette is easily made from a piece of uncon- 


TABLE I. 
Composition, Densities, and Uses of Standard K2SO, Solutions. 


on iter Specific gravity T:T. 


at Uses. 
20°C:, | 15° 20° 25° 30° | 35° 


00.00 1.0000 1.0000 1.0000 1.0000 1.0000; Cerebrospinal fluid, dilute urine, 
secretions, and exudates. 


18. 84/1.0151 Plasma, serum,  transudates, 
heavy urine, extremely anemic 
blood, ete. 


44. 1.0346)1.0345, Anemic blood and heavy secre- 
tions. 


70.81/1.0553) 1.0550) 1 Normal and anhydremie blood. 


All density determinations in this paper are calculated for T:T; in other 
words, each solution is referred to water at the same temperature as that 
at which its specific gravity was determined. This reduces the temperature 
coefficients by eliminating the expansion coefficient of water. 

Besides thus simplifying calculations, the use of T:T with aqueous 
solutions relates their values at all temperatures directly to water content. 

Accurate determination of the T:T temperature coefficients of ox blood 
over the range of 20-35°C. has given us for whole blood 3.8 « 1075 
per °C., and for serum 3.1 * 107-5 per °C. As can be easily calculated from 
Table I, these are fairly close to the T: T temperature coefficients for K.SO, 
solutions of corresponding density. It is interesting to note that the T:T 
coefficient per °C., not only of K2SO, and a number of like salt solutions but 


also of serum, corresponds very closely to , — » of the difference between its 


density and unity. This holds for ordinary temperatures and over a wide. 
range of concentrations. We have not found note taken of this fact in the 
critical tables or other literature. 
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stricted capillary tubing, calibrated to deliver between marks 10 
emm. of clean mercury. The tubing of which the pipette is 
constructed must be of fine enough bore to give an interval of at 
least 4 em. between marks. The lower graduation must be at 
least 3 em. from the delivery end, which is ground to a conical point 
in such a way as to leave a very narrow rim. 

It is convenient to use a rather long suction tube with mouth- 
piece. Since blood tends to clot on the walls of the pipette, it is 
necessary to wash with water, alcohol, and ether, between deter- 
minations. ‘The first rinsing should be done while the drop is 
falling. 

Delivery.—A drop of blood is handled as follows: The puncture 
is made in such a way that the blood flows freely, or a drop may be 
secured from a freshly drawn sample, which has undergone neither 
evaporation, coagulation, nor settling. The blood or other fluid 
is drawn into the pipette just beyond the upper mark, taking care 
that no airissuckedin. Should any air become included, the results 
will be valueless. The pipette is then held in a horizontal position 
and its outer surfaces wiped clean on filter paper. It is then tipped 
enough to return the lower end of the column of blood to the ori- 
fice of the pipette. The upper end of the column is adjusted to 
the upper mark, by gently stroking the tip with the finger. Ap- 
plying gentle suction to prevent absolutely wetting the outside of the 
pipette, the end of the pipette is inserted just below the surface 
of the NB in the tube. The suction is released and the top of 
the column allowed to fall to the lower mark. With the top of 
the column exactly on the lower mark, the tip of the pipette is 
gently lifted through the surface film of the NBB mixture, releas- 
ing the drop. 

Tude.— The tube to contain the NBB mixture should be about 
50 em. long, and must be so selected as to have a bore between 
7.45 and 7.55 mm.! This bore must be checked at both ends, 
one of which is then sealed. The measurement is conveniently 
made by inserting a tapered piece of sheet metal. experiments 
with varying bore size have shown that a deviation from the 7.50 
mm. bore amounting to 0.05 mm. introduces a change in the falling 
time corresponding to 2 * 10-4 specific gravity for 18 seconds 

' Pipettes and tubes corresponding to our speciiications can for the pres- 
ent be obtained at reasonable cost from Mr.J.H. Warner of this laboratory. 
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drops and 7 X 10~° for 40 second drops. Such an error would of 
course be automatically cancelled if blood and standard had the 
same falling time, but would increase as they differed in speed. 
These facts emphasize the importance of adhering rigidly to the 
bore specification. 

At equal distances from the two ends of the tube, are the marks 
by which the fall of the drop is timed. They extend all the way 
around the tube and are exactly 30 em. apart. Care must be 
taken to keep the tube perpendicular. 


TABLE II. 
XN ylene-Bromobenzene Proportions Suitable for the Various Standards. 


standard. NBB. 
Bromo- 
Speci fie Specific Xylene. benzene. 
gravity, Uses. , gravity, 
20:20, 20:20. 
per cent per cent 


(1.000) | Cerebrospinal fluid, dilute urine, | 0.993 80.0 20.0 
secretions, and exudates. 


1.015 | Plasma, serum, transudates, heavy | 1.0038 78.5 21.5 
urine, extremely anemic blood, ete. | 1.013 76.9 23.1 

1.035 | Anemiec blood and heavy secretions. 1.023 75.3 24.7 
1.033 73.7 26.3 


1.055 | Normal and anhydremie blood. 1.043 72.1 27.9 
1.0538 


Nylene-Bromobenzene Mixture.— fixperience has drawn our at 
tention to the viscosity of the mixture in which the drops are 
tested. We have been dissatisied with the results obtained with 
mixtures containing different samples of commercial xylene. <A 
mixture of high quality xylene and bromobenzene, however, has 
been found just as useful after long standing and marked evapora- 
tion, as when freshly prepared. Inexpensive Eastman Kodak 
(‘company products found satisfactory include two xylenes, No. 
T275 (technical m-xylene) and No. P4650 (histological xylene), 
as well as bromobenzene No. 43. 

A single XBB tube suffices in all ordinary experimental work 
because changes in specific gravity of more than 0.01 are unusual. 
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Kkmploying Table II which covers the whole density range of body 
fluids, the XBB mixture best adapted to test any given fluid can 
be readily selected and made up for immediate use. 

In doubtful cases the XBB chosen should be the heaviest of 
the suggested mixtures in which the fluid to be tested is found to 
fall rather than float. Of course the standard K.SO, solution 
selected is the lightest that will fall in the XBB mixture used. 

The XBB mixture varies in density so much with temperature 
that a change of 1°C. effects a change of 8 & 10~‘4 specifie gravity. 
This means for example that at approximately 32°C. each XBB 
mixture in the table would be replaced by the one just above. 
Furthermore, evaporation produces a gradual change in density. 
It is easier to get accurate results if the specific gravity of the 
XBB is so adjusted as to make the drops fall slowly. The 
mixture may be changed to the proper density by adding a few 
drops of either xylene or bromobenzene and mixing thorougbly. 

Before dropping blood it is well to drop a little saturated solution 
of a soluble salt (e.g., MgSO.) to retain at the bottom of the tube 
any separating serum. 

Examples of the Calculation.—To illustrate the use of the align- 
ment chart let us assume that at a room temperature of 20°C. 
a standard drop of density 1.055 required 62 seconds to fall while 
a blood drop tested just afterwards required 48 seconds. 


Blood drop: 

Falling time = 48 sec. Apparent density difference: fl 0.0040 
Standard drop; 1.0550: 

Falling time = 62 sec. Apparent density difference: 0.0028 


True density difference between standard and blood: +0.0012 
Density of blood: 1.0562 


Or if the blood happened to be lighter than the standard, the 
density difference would, of course, be subtracted. 


Blood drop: 
Falling time = 62 sec. Apparent density difference: 0.0028 


Standard drop; 1.0550: 
Falling time = 23 sec. Apparent density difference: 0.0113 


True density difference between standard and blood: —0.0085 
Density of blood: 1.0465 
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Experimental Basis of Alignment Chart. 


The alignment chart (Fig. 1) is based upon the relations observed 
between falling time and apparent density difference at five differ- 
ent temperatures. Plotted on a squared background, these 
data give curves similar to Fig. 1 in our previous paper (1). They 
are the result of very careful pyenometric determinations of the 
densities of the XBB and of whatever standard solutions were 
dropped. The pycnometer used was a Sprengel tube of about 
21.6 ee. capacity. ‘To complete the measurements the coefficients 
of expansion of Sprengel tube, XBB, and salt solutions were all 
determined. It was thus possible to correct for slight deviations 
from the five standard temperatures. The accuracy of the pyc- 
nometry is within + 2 * 10-°. The temperature was read to 
0.01°C, 


In casting the method in its final form many tedious hours have been 
saved by the use of the Foulk chain hydrometer (2). Professor Foulk of 
Ohio State University kindly prepared and sent us several forms of this 
ingenious and extremely sensitive instrument. 

Once calibrated by appropriate pyenometry, the chain hydrometer 
affords a quick and accurate substitute for the Sprengel tube when sut- 
ficient fluid is available. 


In measuring the falling times, the temperature was held nearly 
constant by keeping the X BB tube immersed in a large glass water 
bath. The water was kept stirred with air. Usually conditions 
were favored by the use of a constant temperature room. ‘The 
bath tempereture was frequently read and the density values 
corrected for every +0.01° temperature change. 

The procedure has been carried out a great many times, always 
yielding curves similar to the original 1924 curve. Plotted on 
logarithmic paper these curves are found to be nearly linear; it is 
further found that each curve can be straightened by making at 
every point the same slight + correction. Each curve can, there- 
fore, be represented by a simple logarithmic equation; but since 
the mathematical relationships differ with the temperature, it has 
not been though necessary to present them in detail in connection 
with the use of the method. 

Of course the change necessary to straighten each line is always 
cancelled out in comparing blood with standard, so that in using 


H. G. Barbour and W. F. Hamilton 


633 


| 
Q 
| | 
Q | 
© 
= 
Q 
< | 
| 
| 
| 
| 2 
| | ise 
| 
| | 20" 
8 
OO} | i 
10" 15” 20° 30" 50 70° 80° 50° 100” 


Falling Time 


Kia. 2. Relations between falling time and apparent density difference 


at various temperatures, shown on logarithmic background. 
represents the mean of a series of four to nine determinations. 


dot 


doe 


1 

\ | | | 

| | | | | 

| | | | | See kes 

| | 

| 

| 


634 Specific Gravity Determination 


any of these straight lines, one is in reality referring to the em- 
pirically determined curve. It thus becomes evident that even 
for the purpose of constructing the alignment chart the exact 
density of the XBB mixture need never be determined. 

A group of straight lines thus obtained at five different tem- 
peratures is represented in Fig. 2. Each point represents a series 
of 4 or more drops. Using D’Ocagne’s method (concisely de- 
scribed by L. J. Henderson (3)) these lines were reduced to the 
alignment chart. 


Comparative Accuracy of the Method. 


We may here make a brief comparison of the falling drop specific 
gravity method with other procedures for determining the water 
content of body fluids. As will be shown below, the falling drop 
method is sensitive to 1 & 10-4. This greatly exceeds in accuracy 
any hitherto described method for determining the specific gravity 
of minute quantities of fluid. 

The most direct way of determining the water content of body 
fluids is, of course, by weighing the total solids. A large experi- 
ence in this laboratory with the total solids of blood and of plasma 
or serum, has shown that with special care, they can be determined 
to within + 0.30 per cent of the solid content. 

Hemoglobin and red blood cell determinations afford important 
indirect measurements of the water content of the blood. Leake 
(4) estimates the average error of the former method at + 5 per 
cent, of the latter at + 2 per cent with the usual clinical methods. 
It has certainly never been shown that either of them can be 
determined with a smaller error than + 1 per cent. The same 
may be said of the laborious (total N) methods for determination 
of plasma proteins. 

The simple and comparatively accurate method of refrac- 
tometry, which comes closer to determining water content than 
any other procedure except finding solids or specific gravity, 
avoids volumetric errors in sampling and yields with the Abbé 
instrument errors of the order of + 1.2 per cent of the plasma 
solids. 

As regards the falling drop method, while volumetric errors in 
the sample are involved, it must be emphasized that they do not 
proportionately affect the result. For, due to the surface-volume 
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relations of the falling drop, any error tending to hasten the fall 
by increasing the volume is counteracted in part by a surface 
increase tending toward retardation. 

To compare our specific gravity unit with the units of other 
methods for water determination in blood or serum, a list of ap- 
proximate equivalents may be given: 


Specific gravity. 0. 0901. 
Blood solids..... Wick 0.04 per cent of whole blood. 
refractive index............ 0.00005 


Quantitative Estimation of the Error of the Method. 


If our specifications are met, the only sources of error requiring 
further consideration concern making the standard solutions, 
measuring and timing the drop, and changes in temperature 
between the moments of dropping the standard and unknown 
solutions. 

Errors in Density of Standard Solution.—A simple calculatior 
will show that if the weighing is accurate to 133 mg. per liter, the 
density of the heaviest standard solution will be accurate to 
1 x 10-4. Since the solution is rather dilute the same will apply 
if the volumetric measurement is accurate to 2 ce. per liter. In 
making up the still more dilute standard for serum, ete., a pro- 
portionately greater volumetric error falls within the above men- 
tioned density limit. Errors of this order will, of course, not 
appear in a solution prepared with ordinary care. 

The error in measuring and timing the drop is exemplified in 
Fig. 3. Each point represents the probable error of a single drop 
calculated from a series whose average falling time is represented 
on the abscissa. The probable error, in seconds, of a single ob- 
servation was first calculated from the variations of the series 


according to the conventional formula, ve < 0.6745, where 


>)? = the sum of the squared variations from the mean of the 
series and n their number. The probable error thus calculated 
was translated into specific gravity by the use of the alignment 
chart, and this specific gravity error plotted as ordinate. The 
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continuous curve represents the probable error in timing the drop 
introduced by the fact that the stop-watch unit is 0.1 second; 
each point, therefore, gives the density equivalent of 0.034 seconds 
for the drop speed indicated. As seen on the curve, which is 
logarithmic, this time error means more in specifie gravity when 
the drops are falling more rapidly. Thus if the falling time does 
not exceed 16 seconds, the probable error introduced by the stop- 
watch will be less than + 5 & 10°%. The corresponding probable 
error curve for a watch split in fifths of seconds is obtained by 
doubling the height of each ordinate. 

That drop size can be controlled so that the determinations will 
fall within this stop-watch error, is shown by the fact that numer- 
ous series give probable errors (circles) which coincide with this 
curve. A quantitative estimate of the significance of the drop 
size error has been gained by varying the drop volume + 5 per 
cent. This is at least five times what the average accidental 
variation should be. 

These drop size tests were made at three different falling times, 
21, 37, and 70 seconds respectively. At 21 seconds the variation 
from the standard size drop computed for a + 1 per cent change 
in size, was + 3 & 10°°. The corresponding variation for 37 
seconds was + 1.6 & 10° and for 70 seconds was + 0.7 & 107°. 
The results are indicated in Fig. 3 by crosses, and the broken line 
which connects them appears to intersect the curve of stop-watch 
error at about iS seconds. Drops falling at this rate or faster can 
vasily be held within the stop-wateh error. Each cirele represents 
the probable error of a single drop, whereas the location of each 
cross was calculated from the mean of a long and constant series, 
and hence is without significant error. 

The probable error of a single drop at falling times greater than 
IS seconds would always lie near the broken line except for one 
other recognizable source of error,—-variation of temperature in 
the course of any series. We find some correlation between low 
error and stability of temperature, and since each change of 
+ 0.01°C. alters the density of the XNBB nearly + 1 & 10%, 
temperature variations afford ample explanation of why many 
series of drops requiring several minutes to test, give larger varia- 
tions than those due to drop size only. To render the temperature 
error negligible in practice, it is necessary to drop the standard 
and unknown drops in close suecession. 
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Error of the Method.—We have tried to make our procedure 
accurate to one point in the fourth decimal place. The probable 
error of the method must conventionally be from one-half to one- 
third of the desired sensitivity. That is, it must, in the present 
case, lie below the long dash line in Fig. 3. To give the probable 


1571075 
10710 5 
Wy 
Q 
5110° 
© 
rr 10% 
10" 20° 30" 40° 50" 60" 70" 80" 


Falling Time 


Fic. 3. Probable error of a single drop at various falling times. Contin- 
uous curve represents stop-watch probable error; broken curve, actual error 
due to 1 per cent variation in drop size (plotted from crosses); open circles, 
probable error of a single drop calculated from short series performed under 
ordinary conditions; filled circles, same calculated from long series with 
temperature variations reduced to within +0.02°C. 


error of the method corresponding to any determined probable 
error, Whether of a single drop or of the mean of several drops, the 
latter must be multiplied by 1.4 (,/2). This is because we have 
to do with an accumulation of two probable errors of equal size 
(of blood drop and standard drop). 
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Applying these principles of calculation most of the determina- 
tions in Fig. 3 are seen to attain the desired accuracy. Since 
the single drop errors were calculated from series of 4 to 9 drops, 
the probable error of the mean of each series is one-half to one- 
third as great. The sensitivity of the method is thereby doubled 
or trebled. 

It is clear that with ordinary care and fairly slow drops density 
differences amounting to 1 X 10-4 can be easily distinguished. 


Broader Application of the Method. 


Irom its sensitivity as shown above it can be seen that our 
procedure affords a very delicate method for determining the con- 
centration of various solutions. These need not be watery solu- 
tions such as blood and serum but may be oily substances dis- 
solved in bromobenzene or some other fat solvent. Such solutions 
must of course be dropped through a watery solution of appro- 
priate density. The procedure outlined below will enable one to 
determine with very little effort the curve of drops falling through 
any one of a variety of substances. For we have found that a 
similar logarithmic relationship holds whether the contents of the 
tube be XBB pure, or made very viscid by the addition of petro- 
leum oil, or (on the aqueous side) saturated zine chloride or 
saturated potassium carbonate solution. 

The accuracy can apparently be increased as far as desired by 
controlling the temperature rigidly and using very slow drops. 
Whenever the probable error in density is reduced to + 1 & 10°, 
(see Fig. 3) this, computed from a drop measuring exactly 10 
cmm., means that 2 drops can be distinguished whose difference 
in weight is less than 3 K 10°-4mg. It would take 4 * 107-4 mg. 
of sodium chloride to produce such a density change. But since 
we have further reduced the probable error in a carefully controlled 
series of slow (4 minute) drops to less than + 5 X 1077, it follows 
that the method can be developed into a gravimetric procedure for 
distinguishing between quantities of known soluble substance at 
least as small as one or two hundred thousandths of a mg. 

Calculation of Results under Unusual Conditions.—It remains 
to be explained how the results can be calculated when an unusual 
fluid is employed as dropping medium, when extremely slow drops 
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are to be studied for the sake of increased sensitivity, or when 
rigid compliance with all the specifications is not feasible. 

I’'rom measurements of the falling times of a set of standard 
solutions of known density, a straight line can always be obtained 
on a logarithmic background as follows: The mean falling time of 
the slowest series which can be read is plotted against the cor- 
responding apparent density difference as given on the standard 
alignment chart. The falling times of the other standards are 
then plotted against the density differences obtained by correcting 
the first ordinate plotted by the known differences between stand- 
ard densities. This procedure should yield a straight line if the 
pipette, tube, and XBB mixture conform to the specifications we 
have outlined above. If, however, the curve obtained is not linear, 
it may be straightened out by raising or lowering all the points by 
a common density difference easily found by inspection. It is 
necessary to straighten the curve so that exact interpolations may 
be made, as well as to afford a basis for an alignment chart. It 
is to be clearly understood that this arbitrary correction 1s auto- 
matically cancelled in practice each time the apparent density 
difference of the standard is subtracted from that of the unknown. 
When a straight line has been obtained whether empirically or by 
correction, it must be compared at two or more points with the 
alignment chart. If it does not agree, it may be substituted for 
the latter as long as the same conditions, including room tempera- 
ture, are continued. If work must be done at other temperatures, 
a new alignment chart similar to Fig. 1 can be constructed. If 
extreme accuracy is essential it is always safer to calculate from 
the curves drawn directly on a logarithmic background. These 
suffer no displacement with expansion or contraction of the paper 
due to changes in atmospheric humidity,—a real drawback to the 
accurate use of alignment charts. 


SUMMARY. 


A 10 emm. drop of fluid is timed as it falls over a distance of 
30 em. through a mixture of xylene and bromobenzene in a tube 
of exactly 7.50 mm. bore. Its falling time is compared with that 
of a 10 emm. drop of standard K.SO, solution of known density. 
By the use of an alignment chart correcting for room temperature 
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it is possible to calculate the unknown density with an accuracy 
of 1 10-4. 
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SAPONINS. 
IV. THE OXIDATION OF HEDERAGENIN METHYL ESTER. 


By WALTER A. JACOBS ann EDWIN L. GUSTUS. 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, June 16, 1926.) 


Further investigation of substances encountered in oxidation 
experiments with hederagenin methyl ester has confirmed the 
interpretation already given to the results of our previous studies. ! 
In the latter work it was shown that oxidation of the ester 
CyoH5°O0; in acetone solution with permanganate gave rise to a 
hyvdroxyketone (hederagonie methyl ester) in which a 
secondary aleohohe group was changed to the carbonyl group. 
A substance was also obtained which was shown to be the potas- 
sium salt of a moleeular compound of unchanged hederagenin 
ester and the monomethyl ester of a hydroxy acid, Cs:HysOs 
(hederagie acid). It was regarded as probable that the latter 
acid was formed by the oxidation of a terminal primary alcoholic 
group in hederagenin to carboxy! and that the resulting acid was a 
B-hyvdroxy acid. These results therefore indicated that hedera- 
genin isa substituted 1,3-glveol. This conclusion was in harmony 
with the fact that hederagenin methyl ester was found to form a 
characteristic acetonvl derivative and a neutral sulfite. 

As a continuation of our attempts with the oxidative degradation 
of hederagenin methyl ester the action of chromic acid on hedera- 
gonic methyl ester was next studied. In acetie acid solution this 
reagent was found to produce a copious evolution of carbon dioxide 
and from the reaction mixture two well defined erystalline sub- 
stances were obtained, one of which was neutral and the other acid 
in character, a distinction which permitted their separation. 
The neutral substanee on analysis gave figures in agreement with 


' Jacobs, W. A., J. Biol. Chem., 1925, xiii, 621, 631. 
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the formula C3,;H4sO03 and proved to be a ketone since it yielded 
an oxime and could not be acylated in contradistinction to the 
parent hydroxyketone. By the Clemmensen method the carbonyl 
group was readily reduced with the formation of the simple methyl 
ester The formation of the neutral ketone, C3) H4sOs, 
permits of only one conclusion, that the terminal primary alcoholic 
group of the hydroxyketone was oxidized to carboxy! and that the 
resulting 6-keto acid at once lost carbon dioxide. This inter- 
pretation was further supported by the behavior towards chromic 
acid of the monomethyl ester of hederagic acid which was con- 
verted into the identical neutral ketone with simultaneous car- 
bon dioxide formation. These transformations may be graphically 
represented as follows: 


CO => CO CO 
| 
C - CH,OH COOH CH 
! 7" 
HCOH 
| 
C—COOH 


It was later found that hederagenin methyl ester could be di- 
rectly and more conveniently used for oxidation with chromic 
acid for the preparation of the ketone, C3,;H4s03, and the acid which 
will now be deseribed. This acid gave analytical figures apparently 
in best agreement with the formula C3,H4sO; and proved to be the 
monomethy] ester of a dibasic keto acid in which the ester group of 
hederagenin methyl ester was still intact. The new carboxyl 
group could be esterified with remarkable facility in contradistinc- 
tion to that of hederagenin since boiling in ordinary methyl alcohol 
acidified with hydrochloric acid caused rapid esterification with 
formation of the neutral ester. The new ester group was in turn 
easily saponified by alkali while the original ester group exhibited 
its usual resistance towards this reagent. The acid ester formed 
an oxime. 

The acid ester is apparently not a further oxidation product of 


| | | 
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the ketone C3:H4sO3 since attempts to convert the latter into the 
former were unsuccessful and yielded in the main the neutral sub- 
stances to be described below. The possibility was considered 
that this acid might be an a-keto acid, C3:H4sO;, produced by the 
oxidation of the y-hydroxyketone, C32H5 0s, with loss of CO, 
since it proved to be quite resistant to further oxidation with 
chromic acid under ordinary conditions. The acid and its ester 
however did not condense with o-phenylenediamine, a reaction 
usually given by a-keto acids and the analytical figures were in 
better agreement for the formula C3,;H4sO0;. It is possible that 
this acid may be produced in a manner represented as follows: 


C — CH.OH CH +4+CO; 
| | 
COOH 
CH CO 
| 


This point however will require further investigation. 

The neutral ketone, C3,;H4sO3, on further oxidation with chromic 
acid gave rise to two neutral substances which were separated by 
fractional crystallization. For the more insoluble compound the 
formula C3,HiO4 was derived which together with its properties 
indicated that it isa diketone. In contradistinction to the original 
ketone which gave methane with Grignard reagent the new sub- 
stance no longer reacted with it. Only a monooxime could be 
obtained with hydroxylamine. The fact, however, that both 
oxygen atoms were replaced by hydrogen atoms by the Clemmen- 
sen method supports the view that the substance is a diketone. 
The resulting substance, C3,H; 902, was not identical but isomeric 
with the substance obtained by similar reduction of the parent 
ketone C3,H 4303. 

The more soluble oxidation product proved to be a hydroxy- 
ketone, C3:H4s04, which showed one active hydrogen atom and on 
reduction by Clemmensen’s method yielded an hydroxy compound, 
C3,H5903. The hydroxyketone could not be acylated. It resisted 
also attempts under ordinary conditions to oxidize it further with 
chromic acid to the above diketone. In contradistinction to 
hederagenin methyl ester and all of the other substances which 
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we have described the diketone and the hydroxyketone absorbed 
no bromine in titration experiments.” 

A few months after the publication of our preceding papers on 
hederagenin a communication of van der Haar* appeared in which 
experiments on the oxidation of hederagenin itself were described. 
This communication was also kindly called to our attention in a 
personal letter from the author. In this article the conclusion is 
reached that the allocation of the hydroxyl and carboxyl groups 
may be represented as follows: 


C C 
CH CH CO 
| —> | | 
| | | 
CH CH - COOH CH CH - COOH 
A 
C-.OH C-OH 


| | 


This formula which includes a tertiary hydroxyl group is incom- 
patible with the results which we have reported above. On oxi- 
dation of hederagenin with chromic acid in acetic acid solution van 
der Haar reports the conversion of the secondary alcoholic group 
into carbonyl as shown above. The resulting acid, so called 


2 Titration of hederagenin methyl ester by Winkler’s method for double 
bonds gave values in close agreement with those required for 2 As as follows: 

0.1091 gm. of substance used 8.92 ec. 0.1 N KBrO;. Calculated for 2 As 
for Cy.H3.O4, 8.72 ec. In another experiment 0.1023 gm. of substance 
used 8.31 ec. 0.1 N KBrO;. Caleulated, 8.18 ce. However, isolation of 
the product of the reaction in an analogous large scale experiment showed 
that substitution and not addition had occurred with formation of a 
dibromohederagenin methyl ester. This substance formed stout prisms 
from ether-ligroin which melted at 247-248°. On reerystallization from 
chloroform-ether, it formed long thin platelets which now melted at 270° 
with decomposition. The analytical results obtained were unsatisfactory 
although sufficiently close, however, to show that the substance was a 
dibromo derivative. This is in agreement with the conclusions of van 
der Haar and Tamburello (Ber. chem. Ges., 1921, liv, 3155) who describe 
also a dibromohederagenin methyl ester which, however, melted at 
215-217°. 

$ van der Haar, A. W., Rec. trav. chim. Pay-Bas, 1925, xliv, 740. 
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that it is a 8-keto acid as pictured by this worker. 


atoms. 


tinued by us. 


EXPERIMENTAL. 


Oxidation of Hederagenin Methyl Ester. 


hederagenonic acid, was esterified with diazo methane to form an 
ester melting at 192° which was also obtained directly by oxida- 
tion of hederagenin methyl ester. The ester in question is ap- 
parently but an impure form of our previously reported hedera- 
gonic methyl ester which melts at 217—218° and which we prepared 
by oxidation of hederagenin methyl] ester by permanganate. 
stability of van der Haar’s acid should be against the assumption 
The position 
assumed for the carboxyl group of hederagenin is therefore not 
correct. The steric hindrance observed in attempts to esterify 
the sapogenin or to saponify its ester is not to be explained by 
the assumption of van der Haar that the carboxyl is attached to a 
carbon atom which hes between two other hydroxyl-bearing carbon 


The investigation of the structure of hederagenin is being con- 


The following substances were first obtained by the oxidation 
of hederagonie methyl ester in acetic acid solution with chromic 
acid. Since however it was later found possible under identical 
conditions to accomplish the same result with better yields by 
starting directly from hederagenin methyl ester itself we shall 
present the results as obtained with the latter substance. 

105 gm. of hederagenin methyl ester were dissolved in 100 ce. 
of chloroform. The solution after cooling was treated with 2000 
ec. of acetic acid followed by 450 ce. of a chromie acid solution 
which was prepared by dissolving 53 gm. of CrO; in a mixture of 
400 gm. of H.O and 80 gm. of HeSO;. A reaction immediately 
occurred but the temperature was not allowed to rise above 28°. 
Copious gas evolution was noted in which CO, was easily detected. 
After about 15 minutes the mixture was diluted with water and the 
precipitate was shaken out with ether. The ethereal extract was 
washed repeatedly with water to remove excess acetic acid and was 
finally shaken out with dilute sodium hydroxide solution. 
necessary that the latter was chosen sufficiently dilute and in excess 
so that the aqueous layer remained permanently alkaline to phenol- 
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phthalein. If the alkali was too strong or if very much sodium 
acetate was present due to failure to remove the acetic acid efh- 
ciently beforehand, a thick, gelatinous mass of the sodium salt 
formed which made manipulation difficult. The presence of ether 
in the aqueous layer also aided solution since when the aqueous 
layer was drawn off and the ether in it began to evaporate the 
sodium salt partly separated as an almost gelatinous mass. ‘The 
addition of saturated sodium acetate solution to this solution 
caused a thick, voluminous precipitate of the salt as minute fila- 
mentous hairs. This was collected, sucked dry, and dissolved in 
50 per cent alcohol. The addition of acetic acid gave at first a 
gummy precipitate followed by the gradual formation of a thick 
pap of needles. The free acid was collected with 50 per cent 
aleohol. For purification it was found preferable to convert it 
into the methyl ester. 

Dimethyl Ester of the Acid Cyol1y0;.—The dry crude acid was 
refluxed for 1 hour in 400 ee. of methyl alcohol containing a few 
ec. of H.SO,y. A thick mass of needles was obtained.on cooling 
which were collected with methyl alcohol. The yield was 18 gm. 
Several more gm. were obtained from the mother liquor. The 
final mother liquor was found to contain a small amount of a resin 
which was not studied further. 

When recrystallized from methyl alcohol the ester formed 
needles which melted at 161—163°. It is readily soluble in the 
usual solvents. One of the ester groups is readily saponified as 
shown by the following experiment. 

0.6710 gm. were refluxed in 50 ec. of 0.1 N NaOH and 50 cc. of 
alcohol and then titrated against phenolphthalein. Found, 
13.55 ee. Calculated for 1 equivalent, 13.10 cc. 

A molecular weight determination in benzene solution gave 
the following results. 


12.77 gm. CeHe, 0.1747 gm. substance. A = 0.130°. Mol. wt. calculated 
514.4, found 515.6. 
Calculated. C 74.65, H 9.80. 
Found (a). ‘‘ 74.91, ‘* 9.71. 
“74.76, “ 9.62. 


Acid (Monomethyl Ester of the Acid C3of40;).—The 
above methyl ester was very easily saponified in an excess of dilute 
methyl alcoholic sodium hydroxide. A few minutes gentle warm- 
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ing were sufficient to remove one of the two methyl groups, while 
that originally present in hederagenin methyl ester proved to be 
resistant. When the mixture was acidified with acetic acid and 
carefully diluted the acid separated as colorless needles. Re- 
erystallization from 50 per cent alcohol gave long needles which 
melted at 133-35° after preliminary sintering although the melting 
point depended greatly upon the rate of heating. 

The anhydrous substance showed with MgCHs;I the presence of 
2 active hydrogen atoms, 1 belonging to the COOH group and 1 
probably adjoining the CO group. 


0.0528 gm. substance: 4.89 ce. CH, (0°, 760 mm.) or 2.07 mol., mol. 
wt. 500.4. 


0.1017 gm. of anhydrous substance was dissolved in aleohol and 
titrated against phenolphthalein. Calculated for 1 equivalent, 
2.03 ec. Found, 2.03 ee. 


= +117° (ec = 1.005 in 95 per cent alcohol for the anhydrous substance). 
Air-Dry Substance. Dried at 100° and 15 mm. over H.SO,. 
Caleulated. H.O 3.47. Found (a). H.O 4.15. 
Anhydrous Substance. 
C3,H4sO;. Calculated. C 74.34, H 9.67, OCH; 6.20. 
Found (a). “74.14, “9.54, “ 6.37. 


Oxime of the Acid, C3,H430;.—This was prepared by refluxing 
equivalent amounts of the acid, hydroxylamine hydrochloride, 
and sodium acetate in alcoholic solution. On dilution the oxime 
crystallized as needles which were recrystallized from dilute al- 
cohol. It softened slowly to a vitreous mass over a considerable 
range above 160° and was completely melted at about 180°. 


Air-Dry Substance. Dried at 100° and 15 mm. over H,SOx,. 
C3,H4gO;N -2H.0. Calculated. H,O 6.53. Found. H.O 5.40. 
Anhydrous Substance. 
Calculated. C 72.18, H 8.95, N 2.72. 
Found. 71.96, 9.14, 2.94. 


Ketone, C3:H4303.—The ethereal solution of the original oxidation 
products which remained after extracting the above acid with 
dilute sodium hydroxide solution was washed with water and con- 
centrated. When the residual syrup was taken up in acetone it 
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readily crystallized. After collecting with a methyl alcohol- 
acetone mixture (1:1), 21 gm. of fairly pure substance were ob- 
tained and when recrystallized from acetone it formed stout rhom- 
bie platelets which melted at 208-210°. It is easily soluble in 
ether, benzene, and chloroform and sparingly in the cold in ace- 
tone, methyl alcohol, and acetic acid. After long continued boil- 
ing of the substance in alcoholic alkali no evidence of saponification 
of the ester group was obtained. 


[a]2° = +87° (ec = 1.014 in pyridine). 


The substance showed the presence of one active H atom with 
MgCH3I but repeated determinations gave consistently low results. 


0.0607 gm. substance: 2.24 ec. CH, (0°, 760 mm.) or 0.78 mol., mol. 
wt. 468. 
Calculated. C 79.42, H 10.33, OCH, 6.62. 


The identical ketone was obtained from hederagic monomethyl 
ester as follows: 1.1 gm. of the substance were dissolved in 20 ce. 
of acetic acid and treated with 1.5 ec. of CrO; solution or slightly 
more than for 1 mol O. Carbon dioxide was readily detected 
among the reaction products. By working up in the usual way a 
neutral crystalline substance was obtained which after recrystal- 
lization agreed in all properties with the above described ketone 
and caused no depression in melting point when mixed with the 
latter. 


Found. C 79.08, H 10.07. 


Among the products of the reaction no evidence of the formation 
of the previously deseribed keto acid, C3;H4ysO;, was obtained. 

Oxime of the Ketone CxH1y303. Prepared in the usual way the 
oxime was precipitated at first with water as an amorphous sub- 
stance from the methyl alcoholic reaction mixture. When dis- 
solved in a small volume of methyl alcohol it erystallized after 
standing as needles which melted at 198.° 


Ca,;HgO.N. Caleulated. N 2.90. Found. N 3.04. 
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Reduction of the Ketone by Clemmensen’s Method.— 
50 gm. of granulated zine were treated with 250 ee. of 5 per cent 
HgCl. solution. After several hours the liquid was poured off 
and the metal was covered with a solution of 2 gm. of the ketone 
dissolved in 130 ee. of acetic acid followed by 30 ec. of hydrochloric 
acid, 1.19. The mixture was refluxed for 30 minutes. The 
diluted solution was extracted with ether. After washing the 
extract free of acetic acid it yielded a rapidly crystallizing residue 
on evaporation which was collected with acetone. Reerystallized 
from acetone it formed aggregates of rhombs which melted at 
190—-191°. 

With MgCH,I this substance showed no active hydrogen. 


la|5' = +82° (e = 1.000 in pyridine). 
Caleulated. C 81.87, H 11.09. 
Found. ‘* 81.98, ‘* 10.98. 


In the above reduction it was found essential to avoid longer 
boiling since an apparent epimerization occurred which increased 
in extent with the increase in the time employed. In experiments 
where the heating was continued for 6 hours the resulting product 
possessed properties quite different from those described above 
although the analytical figures were the same. The substance 
now formed spears which melted at 155-158° and gave [a}) = 
—38°. This was apparently still a mixture since the rotation 
was found to change upon recrystallization. No attempt at an 
exhaustive investigation of this material was made. This ex- 
perience therefore demonstrates the need for caution in the general 
use of this method.4 


Found. C 81.44, H 10.95. 


4 \ further study of the nature of this isomerization showed that when 
hederagenin methyl ester itself was boiled for 6 hours with the Clemmensen 
reagents a similar isomerization occurred. The reaction product proved to 
be a partly acetylated substance which after saponification and reerystalli- 
zation from dilute acetone yielded a substance which melted at 165-175° 
and was an obvious mixture of unchanged ester with one or more isomers 
which no longer gave the sparingly soluble characteristic acetonyl deriva- 


tive. lound, C 76.78, H 10.22. 
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Oxidation of the Ketone C3,H 4303. 


Diketone C3,HO0s.—5 gm. of the ketone C3,H43;03 were dissolved 
in 100 ce. of acetic acid. To this solution warmed to 40° 2.2 gm. 
of CrO; dissolved in 4.5 ec. of 25 per cent H.SO, were added. The 
reaction rapidly completed itself with temperature elevation. 
The diluted mixture was extracted with ether. The ethereal 
extract after preliminary washing with water was extracted with 
dilute alkali which removed acid oxidation products. The latter 
showed little tendency to crystallize and contained apparently 
none of the acid C3,H,sO;.. The residue from the ether extract 
was dissolved in a small volume of methyl alcohol. On standing 
in the cold a mixture of rhombic platelets and stout needles sep- 
arated which provedto be a mixture of two substances. Repeated 
recrystallization by solution in acetone, evaporation to smaller 
volume, and addition of methyl alcohol was necessary in order 
to obtain the less soluble four-sided platelets in a form which 
melted at 238-240° after slight preliminary softening. 

Attempts to benzoylate the substance in pyridine solution with 
benzoyl chloride resulted in the recovery of unchanged material. 
With CH;MglI it gave no methane and by the Winkler method for 
double bonds absorbed no bromine. 

Molecular weight determinations in benzene and acetic acid 
gave unsatisfactory values. 


[a]p = +81° (ce = 1.03 in pyridine). 
CyHwO,y. Caleulated. C 77.12, H 9.61, OCH; 6.01. 
Found. 


Monooxime of the Diketone C3,H04.—This was prepared in the 
usual manner by boiling a methyl alcoholic solution of the com- 
ponents for several hours. Dilution with water yielded an amor- 
phous substance which was recrystallized by treating the con- 
centrated ethereal solution with ligroin. Aggregates of micro 
needles slowly separated which melted at 156-158° with 
decomposition. 


C3,Hy;,OyN. Caleulated. C 74.79, H 9.53, N 2.81. 
Found. 76.0, 9.42, 2.50. 


Reduction of the Ketone Cyl yO, by Clemmensen’s Method.— 
The diketone was reduced exactly as given in the case of the 
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ketone, C3:H4s03. The ethereal solution yielded a crystalline 
residue which was recrystallized from acetone. From 1 gm. of 
the diketone 0.6 gm. of long prisms were obtained which melted at 
186-188° with preliminary softening. The analysis of this sub- 
stance gave C figures which were somewhat low. This however 
was not improved by recrystallization from methyl alcohol- 
acetone although the melting point was raised to 192-194°. Al- 
though this melting point was quite close to that observed in the 
case of the reduction product of the ketone, Cs:H4sO3 (190-191°), 
the two substances are not identical since a mixture of the two 
showed a depression of 10-15°. The substances are apparently 
isomeric. 


falp = +45° (ec = 1.015 in pyridine). 
Calculated. C 81.87, H 11.09. 
Found. ** 81.01, 10.87. 


As in the case of the preparation of the isomeric substance if 
the boiling was carried beyond 30 minutes danger of isomeri- 
zation occurred. The material recovered from an experiment in 
which boiling was continued for 1} hours formed spears and 
needles from acetone-methyl alcohol which melted at 174-176° 
but gave identical analytical figures. 


C 81.00, H 10.87. 


Hydroxyketone, C3,/1430;.—-The mother liquors from the dike- 
tone, C3:,H404, on concentration yielded a second substance which 
crystallized as long, stout prisms which were at first contaminated 
with appreciable amounts of rhombs of the less soluble diketone. 
By careful fractional recrystallization from methyl alcohol, at 
first taking advantage of the lower solubility of the diketone, it 
was possibie to obtain the hydroxyketone in homogeneous form. 
This melted at 215-216° with preliminary sintering. 


[aly = +10° (ec = 1.000 in pyridine). 


When titrated by Winkler’s method the substance absorbed no 
bromine and attempts to acylate it in pyridine were unsuccessful. 
However the presence of an hydroxyl group was indicated by the 
behavior of the substance towards CH;Mgl. 


0.0632 gm. substance: 3.22 ec. CH, (0°, 760 mm.) or 1.1 mol, mol. wt. 484. 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. LXIX, NO. 2 


| 
{ 
| 


Saponins. IV 


652 


A molecular weight determination was made in acetic acid. 


23.78 gm. acetic acid, 0.4001 gm. substance. A = 0.134°. Mo!. wt. 


calculated 484.4, found 488.6. 
C:;H4s04. Calculated. C 76.80, H 9.98. 
Found. 76.92, 9.84. 


Oxime of the Hydroxyketone.This was prepared in the usual 
manner in methy! alcoholic solution. The crude amorphous 
reaction product obtained on dilution was dissolved in a small 
volume of methyl alcohol and slowly erystallized as stout needles 
which did not show a sharp melting point. From 170° it slowly 
softened to a paste which did not become completely fluid until 
200° was reached. 


Calculated. N 2.81. Found. N 3.02. 


Reduction of the Hydroxyketone by the Method of Clemmensen.-— 
As in the previous cases the reaction was interrupted after 30 
minutes. The residue from the ethereal extract crystallized under 
acetone. It was recrystallized by solution in acetone and con- 
centration to small volume. The thin platelets which separated 
were collected with methyl alcohol and melted at 180-182°. 

Although the substance is surely an hydroxy compound the re- 
action with CH3;MgI was not complete. 


0.0635 gm. substance: 1.42 ec. CH, (0°, 760 mm.) or 0.47 mol, mol. 


wt. 470.4. 
0.0590 gm. substance: 1.0 cc. CH, (0°, 760 mm.) or 0.36 mol, mol. 


wt. 470.4. 
The molecular weight determination was made in benzene solution. 


13.25 gm. C.He, 0.159 gm. substance. A = 0.131°. Mol. wt. calcu- 
lated 470.4, found 449. 


By the Winkler method the substance absorbed 1 mol of Bro. 
Whether this was addition to a double bond or substitution was 


not determined. 


0.1049 gm. substance used 4.2 cc. 0.1 N KBrO;. Calculated for 1 A, 
4.2 ce. 
= +20.6° (ec = 0.88 in pyridine). 
C.:Hs00,. Caleulated. C 79.08, H 10.71, OCH; 6.59. 
Found (a). ** 79.50, ‘‘ 10.66. 
(b). 70.41, Wi. 
(c). OCH; 6.79. 
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BLOOD CHOLESTEROL DURING ETHER ANESTHESIA.* 


By ABRAHAM MAHLER. 
(From the Department of Biological Chemistry, Lebanon Hospital, New York.) 


(Received for publication, June 4, 1926.) 


Certain chemical changes in the blood during ether anesthesia 
are similar to those occurring in diabetes mellitus. Ross and 
Davis (1) have shown that in dogs the hyperglycemia of ether 
anesthesia is due to a direct depression of the internal secretion 
of the pancreas by ether. In man the same effect is observed, so 
that during the course of narcosis the subject shows temporarily 
a disturbance in carbohydrate metabolism similar to that which 
occurs in diabetes mellitus. Further similarity in the two con- 
ditions is shown by the occurrence of acidosis and lipemia in each. 
Bloor (2) in his work corroborated the finding by Reicher (3) of a 
definite rise in total blood fat during ether anesthesia. ‘The part 
which cholesterol plays in this lipemia and its relation to glucose 
metabolism and the internal secretion of the pancreas is the prob- 
lem studied in this paper. 

(‘holesterol determinations were done on whole oxalated blood 
according to the recent technique of Leiboff based on the Lieber- 
mann-Burehard reaction (4). In this method fat-free paper 
dises are saturated with a known quantity of blood and extracted 
with chloroform in a special tube attached to a reflux condenser. 

The results indicate total cholesterol; 7z.e., free cholesterol plus 
esters of cholesterol with fatty acids. Blood glucose determina- 
tions were made according to the method of Folin and Wu. 

The cases studied were patients operated upon at Lebanon 
Hospital. There was no special choice, except that only adults 
receiving a prolonged ether anesthesia were selected. They 
received the usual preoperative preparation. Morphine was given 
+ to 1 hour before anesthesia and prior to that nothing by mouth 


* This work was done under auspices of the Dr. A. J. Rongy Fellowship 
in Surgical Pathology at Lebanon Hospital, New York. 
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654 Blood Cholesterol 
for at least 14 hours. Anesthesia was induced with nitrous oxide 
and continued during the first 2 or 3 minutes only. 

In the first group of cases, as shown in Table I, simultaneous 
blood cholesterol and blood glucose determinations were made at 
varied intervals during the progress of anesthesia. In the second 
group of cases, as shown in Table II, cholesterol determinations 
alone were made. Control determinations were made in all cases 


TABLE I. 
Blood Cholesterol and Glucose during Ether Anesthesia. Mg. per 100 Cc. 
of Blood. 
Controls. Under anesthesia. Rise. 
— Glucose.| Time. on Glucose. — Glucose. 
min. 
1 91113 190 138 30 218 213 28 75 
2 91029 160 105 65 202 195 42 90 
3 91034 180 78 70 219 174 39 96 
4 90935 187 87 100 239 196 52 109 
5 91200 184 101 45 220 188 36 87 
6 91180 173 105 70 218 203 45 98 
7 91257 160 91 65 204 198 44 107 
8 91426 150 97 30 176 174 26 77 
8) 91447 169 163 30 202 226 33 63 
10 91498 185 114 40 223 204 38 90 
11 91521 172 108 40 203 188 31 SO 
12 91576 190 121 50 218 192 28 71 
13 91572 228 119 40 258 195 30 76 
14 91859 176 105 22 194 158 18 53 
15 91733 150 110 50 179 179 29 69 
16 91734 180 116 35 207 188 27 72 
17 91686 177 110 W) 216 189 39 79 
18 91761 162 120 90 205 215 43 95 


immediately prior to the induction of anesthesia. 


Only control 


figures and the final figures near the end of anesthesia are given. 
Intermediate determinations are omitted in order to simplify the 
table. Table III, however, shows several of the cases in detail. 

A study of Tables I and II shows that there is a definite rise in 
total blood cholesterol during the progress of ether anesthesia. 
This rise is roughly proportional to the rise in blood glucose and 
both are roughly proportional to the duration of anesthesia. The 
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TABLE II. 
Blood Cholesterol during Ether Anesthesia. Mg. per 100 Ce. of Blood. 
Time. Cholesterol. 
min 
1 92385 172 35 196 24 7 
2 92440 160 35 190 30 
3 92500 184 15 190 6 | 
4 92565 52 221 39 
5 92573 190 30 222 82 
6 92590 176 50 211 35 
7 92598 184 70 234 50 
92577 200 240 40 
9 92641 176 30 201 25 
10 92634 180 35 208 28 
11 92636 195 39 225 30) 
12 92665 175 25 200 25 
13 92738 188 45 223 35 
14 92795 190 40 215 25 
15 92806 168 60 209 41 
16 92839 170 60 215 45 : 
17 92843 183 39 216 33 
18 92928 170 45 210 40 
19 92903 200 55 243 43 
20 93021 180 30 220 40) 
21 93062 150 20 172 22 
22 93104 193 30 218 25 
23 93107 171 40) 206 35 
24 93130 175 20 193 18 
25 93163 186 60 226 40 
26 93175 160 30 186 26 
27 93170 171 30 201 30 
28 93212 184 30 214 30 
29 93227 166 60 203 37 
30 93208 142 50 185 43 
31 93245 150 25 185 35 
2 93235 187 40 297 40 | 
33 93256 182 49 212 30 : 
34 93300 171 30 200 29 
35 93318 175 45 192 7 
36 93321 169 30 194 25 
37 935358 193 25 223 30 
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rise in cholesterol is progressive, without any intermediate levels 
: or drops. This is shown in Table III in which some of the above 
cases are given in detail. 


TABLE III. 
Blcod Cholesterol during Ether Anesthesia. Mg. per 100 Cc. of Blood. 
Case. Hospital No. cholesterol. cholesterol. 
Time. Cholesterol. 
min 
4 92565 182 5) 182 0 
12 187 
20 199 12 
30 205 6 
42 214 9 
52 221 7 
18 92928 170 3 169 —]l 
8 172 2 
17 180 S 
29 1SS S 
38 198 10 
45 210 12 
24 93130 175 5 175 0 
10 180 5) 
20 193 13 
29 93227 166 7 168 2 
14 175 7 
23 185 10 
38 190 
49 198 S 
60 203 5 
36 93321 169 5 169 0 
10 172 3 
16 180 S 
30 194 14 


The tiird group of cases, as shown in Table IV, was studied 
exactly as the first group, except that 10 units of insulin were given 
subcutaneously 2 hours before the induction of anesthesia. Blood 
cholesterol and glucose determinations were made during anesthe- 
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Blood Cholesterol and Glucose during Ether Anesthesia, Insulin 2 Hours 


Preoperative. Mg. per 100 Cc. of Blood. 
Controls. Under anesthesia. Rise. 
Hospital 
Choles- | Giucose.| Time. | ©2°l€8- | Giucose.| | Glucose 
terol. ‘ terol. ‘| terol. . 
min. 
1 93359 194 100 20 196 114 2 14 
2 9337 214 118 50 220 125 6 7 
3 93434 186 97 SO 190 109 t 12 
4 93168 174 110 55 172 120 —2 10 
5 93455 200 S9 15 200 90 0) 1 
6 93445 192 105 30 196 112 4 7 
7 93471 166 90 60 172 100 6 10 
8 93441 196 115 25 199 120 3 5 
9 93517 208 109 30 214 118 6 9 
10 93553 192 S7 30 190 90 —2 3 
11 93551 180 102 30 187 115 7 13 
12 93596 158 112 30 156 118 —2 6 
13 93614 177 100 80 181 116 4 16 
14 93629 180 98 45 187 112 7 14 
15 93689 218 105 30 218 110 0 5 
16 93701 166 96 40 170 102 4 6 
17 93722 200 110 50 204 118 4 8 
18 93755 194 112 50 194 120 0 8 
19 93838 174 89 40 177 95 3 6 
20 93851 170 107 30 170 114 0 7 
TABLE V. 
Blood Cholesterol and Glucose during Nitrous Oxide Anesthesia. 
Mg. per 100 Ce. of Blood. 
tal Controls. Under anesthesia. 
Cholesterol. | Glucose. Time. Cholesterol. | Glucose, 
min. 
1 92394 193 97 35 192 101 
2 92536 185 115 37 185 113 
3 92494 203 120 24 201 122 
4 92898 177 112 10 178 112 
5 93371 190 105 15 188 108 
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sia and controlled as before. The figures in this group of cases 
show a small rise in glucose as compared to those cases receiving 
no insulin and a negligible rise in cholesterol within the limits of 
error in the methods of determination. 

In order to determine the effect of nitrous oxide alone, several 
cases are shown in Table V studied in the same way as those in 
the first and second groups. These cases received only nitrous 
oxide and oxygen. The figures show no material change either 
in cholesterol or glucose. 


DISCUSSION. 


In this study patients receiving ether anesthesia show a rise in 
total blood cholesterol, which is proportional to the rise in blood 
glucose and the duration of anesthesia. Patients receiving insu- 
lin several hours before anesthesia show no material rise either in 
blood cholesterol or glucose. Nitrous oxide was used in the first 
few minutes of induction in all cases. It is shown to have no 
influence upon either blood cholesterol or glucose. 

It appears that, in addition to the disturbance in glucose metabo- 
lism, there is a disturbance in the blood cholesterol during ether 
anesthesia which is related to the internal secretion of the pancreas. 
A deficiency or suppression of insulin during ether anesthesia 
leads to hypercholesterolemia and hyperglycemia. If this defi- 
ciency is provided for by giving insulin at a proper interval before 
anesthesia is begun, these changes in blood cholesterol and glucose 
do not occur. Ether therefore seems to influence blood cholesterol 
concentration through the medium of the pancreatic internal 
secretion in a way which does not occur in diabetes mellitus. In 
diabetes the rise in cholesterol occurs slowly and only in cases of 
severity and long standing and returns to normal very slowly 
long after blood glucose has reached the normal level (5). There 
is no uniform direct relation between the glucose and cholesterol 
in the blood of diabetics (6). In ether anesthesia, on the other 
hand, cholesterol runs parallel to glucose concentration and rises 
rapidly. Further, blood cholesterol in ether anesthesia is very 
readily influenced by insulin administration, but in diabetes cho- 
lesterol is not so sensitive to insulin administration. The rela- 
tion of blood cholesterol changes to the pancreatic internal secre- 
tion in ether anesthesia appears to be very intimate. 
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CONCLUSIONS. 


1. In ether anesthesia in man there is a definite rise in the total 
cholesterol content of the blood. 

2. The rise in total blood cholesterol is roughly proportional 
to the rise in the blood glucose and the duration of anesthesia. 

3. There is no material rise in blood cholesterol or glucose dur- 
ing ether anesthesia if insulin is administered several hours before 
anesthesia is begun. 

4. The internal secretion of the pancreas is partially suppressed 
during ether anesthesia. 

5. Insulin appears to be one of the factors controlling the 
cholesterol content of the blood and during ether anesthesia the 
relation is close. 
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THE RELATION OF THE RATE OF GROWTH TO DIET. I.* 
By THOMAS B. OSBORNE ann LAFAYETTE B. MENDEL. 


WITH THE COOPERATION OF HELEN C. CANNON, 


(From the Laboratory of the Connecticut Agricultural Experiment Station 
and the Laboratory of Physiological Chemistry, Yale University, 
New Haven.) 


(Received for publication, June 30, 1926.) 


In mammalian species there is a fairly definite upper limit of 
body size that seems to be fixed by heredity. This makes it 
possible to apply quantitative methods to the study of certain 
problems of growth with some confidence in the consequences 
which are to be expected from any normal procedure; likewise with 
some appreciation of the standard of size to which proper growth 
should lead and by which deviations are to be measured. As a 
rule the growth also tends to conform to curves of so called normal 
rates of gain in body weight, although these are subject to far 
greater variations. 

In the course of our studies of nutrition during the past 15 
years we have had occasion to make records of the growth of 
thousands of albino rats. The animals investigated during most 
of this time have been derived from a fairly uniform stock bred in 
our laboratory without accessions from elsewhere. Inferior off- 
spring have as a rule been discarded from our colony ; but no special 
effort has been made by selective breeding to secure exceptional 
animals, though vigor has been made a desideratum. 

Under such conditions one might expect considerable uniform- 
ity of growth characteristics, particularly in view of the compara- 
tively close inbreeding that has occurred. Broadly speaking, this 


* The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Wash- 
ington, D. C. A preliminary account of this investigation was presented 
to the National Academy of Sciences in Washington, April 27, 1926; see 
Science, 1926, Ixili, 529. 
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has been realized in our colony. Nevertheless there have been 
progressive changes in the “average’’ rate of growth that deserve 
some consideration; and in various instances of special feeding the 
outcome has been so surprising as to raise the question of the 
accelerating influences at work. 

Instances of retardation and other abnormalities of growth have 
already been reviewed by us.' The present discussion deals with 
the problems of acceleration only. During the long period within 
which our data have been collected the science of nutrition has 
been enriched by the knowledge of various important food factors, 
notably the vitamines, formerly unappreciated or underestimated. 
The advantage of this information has quite naturally been applied 
to some extent to our routine feeding practices. In comparing 
the growth of animals from the same colony from year to year this 
fact must be considered along with the possibilities of changes 
that may be attributable to breeding. As a rule, the rats of the 
stock colony have received a ration consisting of a special brand 
of dog biscuit? together with occasional offerings of “green’’ or 
“fresh”? foods such as cabbage and carrots. The accumulated 
growth records of animals fed in this fairly constant manner are 
therefore of considerable interest. 

For the purposes of comparison the records in Donaldson’s 
“The Rat’? may be cited as a sort of standard, discussion being 
limited to the albino male. They represent results secured from 
many animals under established conditions. Records that we 
secured prior to about 1915 corresponded in a general way with 
Donaldson’s published data.* The average time required for his 
male albinos to grow from a body weight of 60 to 200 gm. was 79 
days. The diet of these animals consisted of milk-soaked bread 
with corn as a staple.’ Our own records of 1912 based on a study 


1 Mendel, L. B., Am. J. Med. Sc., 1917, cliii, 1. Osborne, T. B., and 
Mendel, L. B., J. Biol. Chem., 1915, xxiii, 439; Am. J. Physiol., 1916, xl, 16. 

2 Special dog biscuit composed of wheat, oats, beef, rice, corn-meal 
and cottonseed oil, made by Potter-Wrightington, Inc., Boston. 

$ Donaldson, H. H., The rat, Philadelphia, 2nd edition, 1924. 

4 Osborne, T. B., and Mendel, L. B., Carnegie Institution of Washington, 
Pub. No. 166, 1911, pt. 2, 87, chart 22. Donaldson, H. H., The rat, Phila- 
delphia, Ist edition, 1915, 66, chart 2. 

6’ Donaldson, Dunn, and Watson, 1906, from Donaldson, H. H., The rat, 
Philadelphia, 2nd edition, 1924, 174. 
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of stock rats showed an average period of 94 days to make the same 
gain. The group of animals studied by Miss Ferry® in our labora- 
tory in 1913 required, as an average, 98 days. At about the same 
time a group observed by Stotsenburg’ at the Wistar Institute 
required 99 days. ‘These several records, secured by different 
observers of comparable ‘‘stock,’’ give a fairly adequate idea of 
the ‘“‘average’”’ growth performance under the prevailing varied 
feeding methods. Outstanding is the maximum rate of only 63 
days required in one instance, as recorded by Donaldson,’ to make 
the specified gain of 140 gm. of body weight from 60 gm. upward. 

Knowledge of the function of the vitamines as well as of ade- 
quate proteins in nutrition began to accumulate rapidly after 1915, 
so that it could be applied advantageously to the experimental 
feeding of laboratory animals. Before considering the various 
special instances in which it has been ¢ntentionally applied it may 
be instructive to compare the growth records of groups of male 
albinos in our stock colony not subject to special dietary considera- 
tion. Chart I has been restricted to the characteristic rates of 
gain from 60 to 200 gm. of body weight. 

Several features at once impress themselves upon us. There is 
considerable variation in the rate of growth of the individuals, so 
that the “average” figures are of limited significance. More impor- 
tant is the fact that in each of the later groups occasional animals 
showed notably rapid increments of weight—far exceeding 
in several instances the maximum quoted above from Donaldson. 
This has a bearing on the capacity to grow if suitable conditions 
are presented. One does not gain the impression of any pro- 
nounced improvement in the general tendency of growth as the 
result of unconscious selection during the past 6 or 7 years. 

In 1922 we concluded that it might be possible, on the basis of 
our experience, to prepare a single food mixture that would be 
more convenient if not actually more efficient in the feeding of 
rats than the biscuit-green food ration in use in our colony. The 
requirement set included sufficient protein of acceptable ‘‘bio- 
logical quality,’ liberal quantities of essential vitamines, and 
proper mineral ingredients—all available in a single mixture at 


6 Ferry, E. L., Anat. Rec., 1913, vii, 433. 
7 Stotsenburg, J. M., Anat. Rec., 1909, iti, 238. 
5 Donaldson, H. H., The rat, Philadelphia, Ist edition, 1915, 108. 
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Cuart I. Graphs representing the rate of growth, including extreme 
variations, of twenty-five male albino rats selected from the records of our 
colony in 1912, 1919, and 1925 respectively. This chart is intended to 
show the range of individual variation and also the degree of improvement 
in the same colony in the course of the vears involved. 
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comparatively low cost and without recourse to ‘‘fresh’’ food. 
One of the mixtures prepared from this standpoint consisted of: 


per cent 


To each kilo of the mixture 1 mg. of potassium iodide was added. 


This was converted into a dough and baked in the form of 
biscuits or crackers that could be preserved in dry form. 


Days 20 H 49 £50 


T T T 
Average 

+ 
<00 

= 

60 


Cuarr If. Graphie record of the rate of growth of male albino rats on 
the improved “rat biscuit.’’ This should be compared with the records 
in Chart I. 


On this product as the exelusive ration many of our rats have 
grown to full adult size, and reproduced and reared young, the 
succession being repeated without change in composition of the 
food into the third generation. The rate of growth of some of 
these animals derived from the same progenitors and raised in the 
same room as the 1919 and 1925 groups already referred to is 
represented graphically in Chart II. 

The improved rate of growth of these specially fed rats in con- | 
trast with our “stock” animals is strikingly apparent, the average 
period for making the gain from 60 to 200 gm. being 38 days. On } 


| 
| 
| 
| 


Days 20 50 40 10 <0 40 70 


T T T T T T T T 
SERIES A SERIES B 
300 
Group I 
200 
60 
200 
sroup Il Group II 
200 
be 
oO 
60 


Cuart III. Graphic records of the rate of growth of male albino rats 
of which the diet included for Group I, 21 per cent or more of protein; 
for Group II, less than 20 per cent of protein. 
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this good diet there has been greater tendency to uniformity of 
growth rates; though even here a surprising capacity to grow is 
manifested by a few of the animals. All of them have surpassed 
the record of Greenman and Duhring’s Wistar Institute rats “from 
a selected group carefully gentled, fed on an abundant and highly 
varied diet, and reared under the most favorable hygienic con- 
ditions.”® The latter animals required 65 days for the growth 
from 60 to 200 gm. The average record for the animals on our 
special rat biscuit is scarcely approached by King’s'? maximum 
rate of gain (48 days) in a group of animals on “‘scrap diet.” 

The uniquely rapid gains in weight recorded for several of our 
stock rats pointed to the possibility of uniformly better growth, 
provided that the appropriate dietary conditions could be attained. 
This has now been accomplished successfully in many instances. 
We can therefore no longer doubt that the increased rate of growth 
in these cases has not been due to changes in the stock through 
breeding and that many of the rations hitherto regarded as satis- 
factory for rats are far from the optimum. 

An early survey of the exceptional records indicated that aside 
from other dietary factors there may be some advantage in a more 
liberal inclusion of protein in the ration than has been allowed in 
our routine feeding practice. In the case of our ‘‘standard”’ casein 
food (containing 18 per cent of casein in the mixture and currently 
employed in many experimental investigations in nutrition) the 
protein represents approximately 14 per cent of the calorie intake. 


Chart III represents graphically the rate of gain in body weight | 


from an initial size of 60 gm. for the twenty “best growers’ for 
which the diets contained protein to the extent of either 21 per 
cent or more (Group I) or 20 per cent or less (Group II). In Series 
A the rate of growth is compared, in days, for the period of gain 
from 60 to 200 gm.; in Series B, from 60 to 300 gm. Though the 
differences are not very pronounced it will be seen that the best 
records have been made for the most part by the an:mals on the 
higher protein intakes. The possible advantages of the latter are 
particularly suggested by the longer records of Series B. How- 
ever, in view of the otherwise varied character of the diets in- 


* Greenman, M. J., and Duhring, F. L., Breeding and care of the albino 
rat for research purposes, Philadelphia, 1923, 4. 
1° King, H. D., Anat. Rec., 1915, ix, 759. 
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volved and of the numerous possible contributory factors repre- 
sented, the problem of the optimum intake of protein with respect 


TABLE I. 


Time required 
to make gains in 
Basal ration. Supplements. Rat. body weight. 
60 to 200 | 60 to 300 
gm. gm. 
per cent days days 
fat 0.2 gm. yeast and0.4 | 21352 25 2 
18 gm. alfalfa. B2132¢ 2s 45 
Salt mixture*.... 4) 
0.4 gm. yeast and 10 B2164<" 24 45 
drops cod liver oil.| B2161< 26 44 
0.2 gm. yeast and 0.4 | B33802 24 44 
gm. liver. B3432 7 24 51 
0.2 gm. yeast and1.6 | 834147 24 40) 
gm. dried lettuce. B3441 7 24 41) 
Bd581 6 49 
| 9 
Butter fat....... g} | OF am. youst ond 28 55 
15 gm. lettuce. 
Salt mixture*.... 4 
Yellow corn-meal.58 
Skim mi 2 
| 0.8 gm. liver. B19747 | 28 54 
’ ’ 
iodine.......... 
Yellow corn-meal 70 82264 5 27 a0) 
Skim milk powder 30° B22607 | 28 51 


* Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1919, xxxvil, 572. 


to both quality and quantity has not been stressed in these trials 
but is reserved for independent study; hence no final conclusions 
based on decisive experiments seems warranted at this time. 
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Typical records of the effeets of efficient dietaries are sum- 
marized in Table I, the most successful trials being referred to 
here because they represent in fact the actual maximum attain- 
ments rather than average growth performance. The “basal 
ration” represents the food mixtures suppliel ad the 


Fia. 1. 


TABLE II 


Rat B321S.”. 
>. Casein 35 per cent, 
tat B32137. starch 37, butter fat 9, 
lard 15, salt mixture 4*, 
plus 0.2 gm. veast, 
0.2 alfalfa, and 
em. liver daily, 


Dog biscuit, with 
carrots or cabbage 
twice weekly. 


lation. 


git. qin. 
sody weight soon after weaning, at 
Body weight when special feeding 
was begun for B321S, at 32 days... | 60) 
Body weight at 79 days............ | 160 | 300 


* Osborne, T. B., and Mende!, L. B., J. Brot. Chem., xxxvil, 572. 


“Supplements” represent sources of vitamines, ete., supplied 
daily in measured amounts. Bedding has not been supplied in 
any of our experiments; hence it cannot be held responsible for 
the favorable effects attributed to it by certain investigators. 
The real magnitude of such accelerated growth is perhaps illus- 
trated even more strikingly by actual observation of the animals 
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involved. Fig. 1 affords a photographie comparison of litter mate 
males at the age of 79 days. They were kept in the same quarters 
with comparable care. Pertinent information is summarized in 
Table II. 

The smaller rat B3213 is not “dwarfed” according to the usual 
implication, but has grown at a rate well above the usual “normal 
average” of current published records. 

We have also ascertained that marked augmentation of the rate 
of growth can be initiated when the changes in diet are made at a 
period of development considerably later than that at which most 
of the tests recorded in this paper were begun. Thus a number of 
experimental animals placed on the improved dietary regimen at 
an initial body weight of 150 gm. or more promptly began to make 
gains at the rate of about 6 gm. per day, in contrast with less than 
2 gm. per day characteristic for animals of the same size growing 
at the expected rate on our stock food. 


DISCUSSION, 


In seeking an explanation of the more rapid growth encountered 
in these newer feeding experiments the empirical character of 
many aspects of the investigation at this stage must be frankly 
conceded. The successful outcome can seareely be attributed 
to the employment of unusual proportions of the organic or energy- 
yielding nutrients in the diet; for we have long since observed good 
growth on widely divergent mixtures of the foodstuffs, in so far as 
the relative content of proteins, fats, and carbohydrates is con- 
cerned.'' It is not primarily a question of the so called “nutri- 
tive ratio.” With respect to the latter, rations may be much 
“distorted” without impairing growth seriously——so long as the 
other dietary essentials, such as the inorganic elements and vita- 
mines, are properly provided. 

In view of the excellent response to small additions of certain 
“natural” foods to the “synthetic” food mixtures one thinks of 
the possibility that unappreciated cell constituents added thereby 
may supply some dietary desiderata. (Crreen leaves, liver, yeast, 
ete., are masses of cells that ought to contain the essentials of 
growth. They may be presumed therefore to enrich a diet with 

"Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1920-21, xlv, 145; 


Proc, Soc. Exp, Biol. and Med., 1921, xviii, 136, 167; Proc. Nat. Acad. Sc., 
1921, vil, 157; J. Biol. Chem., 1924, lix, 13. 
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£40 
RATE OF CROWTH O8SERVED BY 
VARIOUS INVESTIGATORS Osborne and Mendel diet 1 
Albino Male Rats 
500 7 
400 eborne and Merdel diet 
He Osborne and Mendel diet 3 
420 Uy 
380 
| King maximum 1915 
a Osborne and Mendel average 1925 
Greenman and Duhring 
a | maximum 1923 
ar Osborne and Mendel average 1919 
Osborne and Mendel average 1912 
Donaldson: The Rat 
260 
220 
40 days > 
160 
‘ 
140 | 
‘ Diet 1 Diet 2 Diet 3 | 
Casein Yellow corn meal 58% Meat residue 20% 
Salt mixture Skimrilk powder 29 Salt mixture 
100 4 Starch 37 Cavrein 12 Starch 52 : 
’ Butter fat =] Salt, iron and iodine 1 Butter fat 9 
Lard 15 + 0.6 g. liver daily ra 15 
+ 0.2 @. yeaet daily + 0.4 yeast daily 
+ 40 g@. lettuce daily 
60 
Cuart IV. Illustrative graphic records affording a comparison of the rates of 
growth of male albino rats, particularly as affected by different types of diets. 5 
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both known and unrecognized—not necessarily unknown—essen- 
tials, though such an interpretation remains speculative at this 
time and is subject to critical investigation. 

Whether the rapid initial growth that we have discussed results 
definitely in larger adults cannot be foretold at this time. Too few 
comparative records of the attainment of full adult size are at 
present available. We should not expect the factors determining 
the cessation of growth necessarily to be affected by the rate of 
growth. Suitable food may merely give the growth impulse full 
opportunity to register its possibilities promptly. Stature is 
concerned with species and heredity. 

The contrasts between our newer experiences and those of earlier 
workers including ourselves are exhibited in a somewhat different 
way in Chart IV. 

Experiments still in progress indicate that acceleration of growth 
likewise occurs in the case of the female rats. Their increased 
gains are not equal to those of the males but represent a compar- 
able augmentation when the relative differences in the ‘‘normal”’ 
average growth of the two sexes is compared. 

Whether the accelerated growth under consideration represents 
truly ‘‘normal” growth from a morphological and physiological 
standpoint remains to be ascertained. It is of course conceivable 
that not all organ systems have ‘“‘kept pace” with each other as 
they do in the usual orderly systemic development. Possibly 
the acceleration noted is the outcome of undue stimulation or pro- 
motion of the activities of cell groups that ‘‘preside”’ over growth. 
Thus in attempting to interpret the three cycles of growth that he 
has described for man Davenport” remarks: 


“The interpretation of the three cycles of growth remains uncertain. 
The first and the second correspond closely with the greatest activity of 
the thyroid and pituitary glands, respectively, whose hormones are pri- 
marily growth stimulating. The third cycle of growth is a fundamental 
one underlying the others, and probably represents some more general 
growth stimulus exerted from the time of the fertilization of the egg to 
the time of growth cessation.”’ 


12 Robertson, T. B., The chemical basis of growth and senescence, 
Philadelphia, 1923. Brody, 8., J. Gen. Physiol., 1926, vili, 233. Brody, 
S., Sparrow, C. D., and Kibler, H. H., J. Gen. Physiol., 1926, ix, 285. 
Davenport, C. B., Science, 1926, I|xiii, 506. 
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In accelerated growth there may be actual ‘‘distortions”’ that are 
detrimental rather than advantageous for certain physiological 
functions. Only intensive investigation can determine whether 
the gain in time is secured without loss of bodily welfare. 

The ‘curves of growth” that represent the outcome in a graphic 
way in so far as changes in body weight are concerned may not be 
in harmony with some of the current interpretations of growth.” 
The rapid initial gains are not unlike those exhibited in graphs of 
growth in birds where highly successful feeding has been empiri- 
cally secured. It should be remembered that the albino rat of the 
laboratory is ordinarily kept under distinctly “artificial” con- 
ditions. Only in a limited way is there “free choice” of food. 
The fact that the dietary or exogenous factors for growth can 
be so markedly improved in this animal must not be interpreted 
to indicate that comparable improvement is to be expected by the 
application of similar procedures to all other species. Some have 
long been fed under domestication for commercial purposes; and 
inasmuch as rapid gains are often an element of success in such 
undertakings, much effort has been expended on appropriate 
feeding. This is conspicuously true for the hen, the sheep, and 
the pig. ; 

Acceleration of growth has been attempted by methods sug- 
gested through the disorders of size having an alleged endocrine 
origin.!® The experiments involved administration of material 
from the hypophysis cerebri. Striking acceleration of growth has 
also been recorded after retardation of growth.‘ Such gains need 
to be reconsidered in relation to the experiences recorded in this 
investigation. 


15 Goetsch, E., Bull. Johns Hopkins Hosp., 1916, xxvii, 29. Marinus, 
C. J., Am. J. Physiol., 1919, xlix, 238. Evans, H. M., and Long, J. A., 
Proc. Nat. Acad. Sc., 1922, viii, 38. 

‘4 Osborne, T. B., and Mendel, L. B., Am. J. Physiol., 1916, xl, 16. 
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SOME CHANGES IN THE ACID-BASE EQUILIBRIUM OF 
THE BLOOD CAUSED BY HEMORRHAGE.* 


By MARY A. BENNETT. 


(From the Laboratory of Physiological Chemistry, School of Medicine, 
University of Pennsylvania, Philadelphia.) 


(Received for publication, May 18, 1926.) 


{NTRODUCTION. 


Many investigations have been made upon the effect of hemor- 
rhage on the acid-base equilibrium of the body. Most of these 
experiments deal with variations in the alkaline reserve of the 
blood. The results obtained have been complicated in several 
cases, either by anesthetics or by struggling. Few observations 
have been made on the reaction of the blood after hemorrhage. 
With a view of obtaining more data to permit better correlation 
of some of the factors involved in the acid-base equilibrium, the 
effect of hemorrhage on the pH, CO. content, and CO, tension of 
arterial blood was studied. 


Milroy (1917) studied the effect of large hemorrhages upon the reserve 
alkali in the blood of cats and dogs and found a decrease which reached a 
minimum value in 15 minutes. Since then Cannon (1918), Penfield (1919), 
Buell (1919), Gesell (1919), Tatum (1920), Evans (1921), and Henderson and 
Haggard (1922), have also found a decrease in alkaline reserve or CO; 
capacity of blood after bleeding. 

Miss Buell (1919) found in pigs, after hemorrhages amounting to 1.3 
per cent of the body weight, a minimum alkaline reserve occurring in half 
an hour, with a return to normalin about 5 hours. Tatum (1920) observed 
that hemorrhages in rabbits produced a fall in alkaline reserve which was 
followed on the next day by values above normal. Evans (1921) found a 
similar swing from low to high values. The high alkaline reserve persisted 
until the red cell regeneration seemed to be complete. Barr and Peters 
(1920-21) and Means, Bock, and Woodwell (1921) have observed high alka- 
line reserves in some anemic patients, but not in all the cases studied. 


* A brief report of this paper is given in Proc. Soc. Exp. Biol. and Med.. 
1925, xxiii, 114. 
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Von Endres (1922) found an increased CO, tension after hemorrhage in 
two human subjects. 

Ovans (1921) studied the pH of the blood of two cats under urethane 
after hemorrhage by the Dale and Evans colorimetric method. In one case 
he found a decrease of 0.14 pH in 35 minutes following the bleeding; in the 
other case, there was an increase of 0.13 pH 18 minutes after the hemorrhage. 


Methods. 


Dogs were used throughout the experiments. Dog 2 had had 
an operation for an Eck fistula several months previous to the 


TABLE I. 
Dog 1, Female, Weight 13 Kilos, on Mired Diet. 


Oxalated arterial blood plasma. 


24 
3 
Date. Time. = Cis Remarks, 
= 30 
er mim 
1926 mM 
cent Hy 


te 
to 
~J 


June 13 11.00 a.m. 

10.30 “ 
July 8 2.00 p.m. 
10.00 a.m. 10.00-10.30 a.m. 
bled 300 ce. 
from = jugular 
vein, 


Sés 
t 
= 
w 
— 


9 110.45 “ 
“ | 2.00p.m. | 35 | 7.22] 19.2 | 44.4] 15.0 
“10 | 2.30 “ | 28 | 7.37] 19.2 | 32.0} 19.9 | Dog killed. 


* Electrometric pH determinations not done in duplicate. 


hemorrhage experiments, but as it appeared to be normal and 
gave results similar to those of the other dogs, there was probably 
no complication from that source. 

The blood for analysis was taken from the left ventricle or from 
the femoral artery. No anesthetic was given and the animals 
did not struggle. The heavy bleedings ranging from one-fourth 


to one-half the total blood volume calculated as 7 per cent of 
the body weight were made from the jugular vein in the first two 


YUM 
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and last two experiments and from the left ventricle in the others. 
In the first two experiments, the blood for analysis was drawn over 
mercury into a tonometer containing dried potassium oxalate and 
sodium fluoride, as suggested by Evans (1922), sufficient to make 


TABLE II. 
Dog 2, Female, with Eck Fistula, Weight 8 Kilos, on Mixed Diet. 


Oxalated arterial blood plasma. 
Date. Time. E = Remarks. 
1924 mM mM 
May 10 10.30 a.m 7.34 | 21.7 | 38.7 | 20.3 
10.00 34 | 7.37 | 22.4] 37.5 | 21.8 
16.16 10.15-10.30 a.m. 
bled 200 ce. 
from jugular 
vein, 
ae 10.45 “ 31 | 7.29 | 16.9 | 33.6 | 14.0 
wee 3.15 p.m. | 27 16.6 
7 ae 12.30 “ 22 | 7.45 | 23.7 | 33.2 | 25.0 
an 2.45 “ 20 | 7.40 | 20.2 | 31.7 | 20.0 
= ae 3.00 “ 21 | 7.35 | 20.6 | 36.0 | 19.5 
eee 10.30 a.m. 10.30-11.00 a.m. 
bled 215 ce. 
from jugular 
vein. 
21 | 7.36 | 19.5 | 33.4] 18.5 
ae 4.00 p.m. 7.25 | 19.4 | 42.3 | 15.2 
ar 2.00 “ 14 . | 20.3 
ae 3.00 “ 15 | 7.36 | 21.9 | 37.4 | 20.9 
July 16 10.30 a.m. | 24 | 7.26} 19.2 | 40.7 | 15.3 


* Electrometric pH determinations not done in duplicate. 


a 0.3 per cent and a 0.1 per cent solution respectively. The blood 
was then mixed well and transferred to centrifuge tubes under 
oil. The tubes were completely filled and closed by a rubber 
stopper, or the blood was overlaid with low-melting paraffin as 
suggested by Hastings and Sendroy (1924). After centrifuging 
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at high speed for about 15 minutes, the plasma was drawn off into 
a tonometer over mercury and was ready for analysis. This pro- 
cedure was the same as that described by Austin, Cullen, Hastings, 


TABLE ITI, 
Dog 3, Female, Weight 22 Kilos, on Milk Diet. 
Arterial blood serum. 
wr 
Date. Time. = a 5 Remarks. 
1926 mM ™M 
Jan. 19 12.00 m 37 | 7.33 | 24.6 | 44.9 | 23.3 
ane 10.00 a.m 10.00-10.10 a.m. 
bled 450 ce. 
| from heart. 
ae 2.30 p.m. | 25 | 7.26 | 21.4 | 45.5 | 18.1 
- ia * 21 7.38 | 23.7 | 38.8 | 23.9 
7 ae 10.00 a.m. | 19 | 7.34 | 22.0 | 39.4 | 21.0 
ae 10.00 “ 20 | 7.33 | 23.2 | 42.3 } 21.9 
10.00 10.00-10.10 a.m. 
bled 400° ce. 
from heart. 
10.40 “ | 7.33 | 18.5 | 
. 3 2.30 p.m. | 12 | 7.31 | 21.8 | 41.5 | 20.0 
"ae 12.00 m 12 | 7.39 | 23.4 | 37.4 | 24.0 
Feb. 5 11.00 a.m. | 12 | 7.34 | 21.4 | 38.2 | 20.5 
. 10.00 “ 20 | 7.33 | 19.7 | 36.0 | 18.6 
10.00 “ 10.00-10.10 a.m. 
| bled 400 ce. 
| from heart. 
10.45 15.4 | 
3.00 p.m.) 10 | 7.32 | 17.4 | 32.5 | 16.0 
10.00 a.m 11 4.38 | 22.2 | 35.5 | 22.5 


McLean, Peters, and Van Slyke (1922). 


In the last three experi- 


ments where serum was used, the blood was collected directly 
under oil, and centrifuged after clotting had occurred. 
The pH of the blood was determined by the electrometric 
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method and Cullen’s colorimetric method (1922). Electrometric 
pH determinations were made at 38°C. A portion of plasma or 
serum in a small Clark-Cullen electrode vessel was allowed to 
come into equilibrium with a carbon dioxide and hydrogen mix- 
ture which had approximately the carbon dioxide tension of the 
blood, as suggested by Cullen (1922). The serum or plasma was 
replaced by fresh portions until constant E.mM.F. readings were 
obtained with the same gas mixture. Standard apparatus, with 


TABLE IV. 
Dog 4, Female, Weight 13.9 Kilos, Fasted. 


a | Arterial blood serum. 
| 2 | 28s 
| 
Ber ma | ™™ | my 
Feb. 11 | 10 00a.m. | 34 | 7.34] 19.3 | 34.5 | 18.3 
| 10.00-10.10 a.m. 
| bled 425 ce. 
! from heart. 
11 2.30 p.m. | 25 | 7.32 | 21.5 | 40.0 | 19.9 | Venous blood. 
12 | 10.00a.m. | 20 | 7.35 | 18.1 | 31.6 | 17.5 
“ 25 | 10.30 “ | 23 | 7.34] 10.5 | 34.8 | 18.5 
| | bled 400 ce. 
| | | from heart. 
“ 25 | 3.30p.m. | 26 | 7.32 | 18.2 | 33.9 | 16.7 
“ 26 | 10.45 a.m. | 23 | 7.37 | 19.7 | 32.9 | 19.4 


a saturated calomel electrode, a saturated KC] bridge, a type Kk 


Leeds and Northrup potentiometer and a galvanometer, was 


used. The determinations were standardized against 0.1 N 


HC] by calculating “‘e”’ for the entire system assuming a pH of 
1.080 at 38°C. (Cullen, Keeler, and Robinson, 1925). A _ phos- 


phate mixture with pH 7.4 was standardized against 0.1 Nn HC] 
and used before and after each series of plasma or serum readings. 
Duplicate determinations were made except where designated. 
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a 
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The colorimetric pH determinations were carried out using 
Cullen’s method (1922). The readings were made at 20°C. 
The standard phosphate buffer stock solutions were tested elec- 
trometrically. New standards were prepared from them every 
week and all the solutions were kept in the ice box while not in 
use. Under these conditions the color standards did not change 


TABLE V. 
Hemorrhage and Gelatin Saline Injection. Dog 5, Female, Weight 11.4 
Kilos, Fasted. 


Arterial blood serum 


(defibrinated). 
1 
| & 
= 3 “3 
= = 2 
se 5 | 
1926 mM mM 
Feb. 21 10.30 a.m. | 31 7.35 | 19.6 | 34.3 | 18.6 
- @ 10.30 “ 10.30-10.40 a.m. 
bled 400 ce. 
from heart. 


10.40-11.20 a.m. 
injected 400 cc. 
of 0.9 per cent 
sodium chloride 
solution con- 
taining 6 per 
cent gelatin. 

gi eee 12 | 7.26 | 13.8 | 29.2 | 10.0 

4.00 p.m. | 14 | 7.44/ 12.2) 17.4! 14.2 

11.00 a.m. 11 | 7.31 | 14.6 | 27.9 | 12.2 


during a week. The data of the colorimetric determinations are 
reported in the following papers. 

Carbon dioxide determinations were made on the serum or 
plasma using Van Slyke’s volumetric apparatus (Van Slyke and 
Stadie, 1921). 

The arterial CO. tensions were calculated from the pH and 
total CO, values by means of a rearrangement of Hasselbalch’s 
equation used by Austin, Cullen, Hastings, McLean, Peters, and 
Van Slyke (1922). 


M. A. Bennett 681 


CO. mM 
0.0587 a (10° PE’ 1) 


a = ().935 & 0.555, the solubility coefficient for CO, in serum at 38°C. (Van 
Slyke, Wu, and McLean, 1923). pK’ = 6.1 for plasma or serum (Van 
Slyke, Austin, and Cullen, 1922; Cullen, Keeler, and Robinson, 1925). 


The combined COs, at normal pH (alkaline reserve) was cal- 
culated according to Van Slyke, Austin and Cullen (1922). The 
normal pH was interpolated on the pH: BHCO; graph obtained 
after hemorrhage, and the combined CO. read off at that point. 
In order to determine the combined CQ, in the blood as drawn, 
the free CO» was calculated from the following formula for plasma 
or serum (Austin, Cullen, Hastings, McLean, Peters, and Van 
Slyke, 1922). 


ap 
H2CO; = 
p = CO, tension. 
a = 0.935 * 0.555 (Van Slyke, Wu, and McLean, 1923). 


With the total CO. known, the combined CO. may be cal- 
culated. 


mM total CO, — mm H.CO; = mm BHCO;. 


In order to plot such a graph as the one previously mentioned, 
pH against combined COs, with data available at only one point, 
a line was drawn through this point having an average slope de- 
termined by experimentson Dogs A and B to be reported later in this 
paper. In these experiments two points on the CO. absorption 
curves were determined by analysis of equilibrated blood. This 
slope was found to be practically the same as that used by Van 
Slyke, Austin, and Cullen (1922) in the curve plotted for an 
ether anesthesia experiment in their Fig. 1. 

The hematocrit determinations were made on oxalated blood 
in a small Daland hematocrit. 

There are included, in this report, two preliminary experi- 
ments, A and B, carried out by Dr. D. W. Wilson in 1922 in which 
the pH was determined by CQO. absorption curves of arterial 
blood. Two portions of oxalated blood were equilibrated at 
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38°C., one with about 5 per cent and the other with about 3 per 
cent CO» in air, and the total CO. content determined in each. 
The total COs of the blood as drawn was also determined. 

The pH values of the two equilibrated blood samples calcu- 
lated by means of Hasselbalch’s equation were plotted as abscis- 
se against the CO. content as ordinates. By interpolating on 
these lines the CQO» in air content of the blood as drawn, the pH 
of the blood could be read. 

Hasselbalch’s equation requires values for the combined and 
free (Os of the blood in order to calculate the pH. The free CO, 
was calculated by means of Peters, Bulger, and Kisenman’s (1923) 
modification of the simple formula involving the solubility coef- 
ficient (a) and COs» tension (p) whereby the difference in solubility 
of CO. in corpuscles and plasma is taken into account. The 
values for a determined by Van Slyke, Wu, and McLean (1923) 
were used; namely, 0.935 for serum, and 0.71 for cells. 

The formula is as follows: 


p X 0.555 
760 X 0.0224 


mM H.CO; = (0.935 c) 0.71 Cc). 


p = CO, tension in mm. Hg. 


hematocrit reading. 


With the total CO. known the combined CO. may be ecalecu- 
lated. 


mw total CO. — mm H.CO,; = mm BHCQOs. 


The values for free and combined CQO. were substituted in 
Hasselbalch’s formula 


BHCO; 


H = pK’ + 1 
p ph + log H.CO, 


using pk’ = 6.1 and correcting the calculated pH for the varia- 
tions in corpuscle concentration as suggested by Peters, Bulger, 
and Eisenman (1923) using their Chart 4. 

The COs. tension of the blood as drawn was estimated by inter- 
polation of the CO. content on a CO, content:tension curve 
plotted from the two equilibrated blood samples. 

The combined CO. at normal pH (alkaline reserve) was calcu- 
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lated according to the method previously described. In these 
experiments, however, two points were known on the BHCO;:pH 
curve, since the blood was equilibrated at two different CO» 
tensions. 


EXPERIMENTAL. 


The blood after hemorrhage showed the following changes in 
arterial pH, alkaline reserve, total CO. content, CO, tension, and 
hematocrit readings. 

About half an hour after the hemorrhage, the pH was usually 
lower than normal. ‘The decrease ranged from 0.01 pH to 0.08 
pH. Still lower values were observed 4 or 5 hours later when 
the total decrease noted varied from 0.02 pH to 0.12 pH. 

On the following day, however, the blood had become more 
alkaline and the pH was 0.01 to 0.11 above the normal values. 
At this time the hematocrit readings had reached a minimum 
showing that the blood volume was restored. In a few days the 
pH was back to normal. In the case of Dog 3 (Table III) the 
pH was normal 3 days after the first hemorrhage. 

The sudden fall in alkaline reserve of the blood after hemor- 
rhage, found by other investigators, was also observed in the 
present experiments. In about half an hour after the bleeding 
the alkaline reserve had fallen from 1.0 to 7.8 mm. 4 hours 
after hemorrhage the values were higher in most instances. 

Within 24 hours the alkaline reserve had risen still further but 
was usually not above normal. In a few days the values had 
returned practically to normal or slightly below. 

The COs tension fell in half an hour after the hemorrhage, the 
fall ranging from 4 to 9 mm. of Hg. In 4 hours, the CO. tension 
had risen. The values obtained varied from 11.6 mm. of Hg 
below to 4.9 mm. of Hg above normal. The next day the CO, 
tension was always low, 1.5 to 8.8 mm. of Hg below normal. It 
came back to normal, or nearly normal, in a few days. 

The hematocrit readings fell rapidly, slowly, or not at all in 
+ hour after hemorrhage. The drop observed was from 0 to 5 
per cent. The hematocrit readirzs were falling 4 hours after the 
hemorrhage in all cases. The intiow of tissue fluid was gradual. 

On the day following the hemorrhage, the hematocrit readings 
showed minimum values, signifying that the blood volume had 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. LXIX, NO. 2 


4 


4: 
i 
45 
id 
4 
| 


686 Acid-Base Equilibrium of Blood 


been restored. The lowest hematocrit reading obtained was 10 
per cent, less than one-third of the normal value, yet the dog 
lived and seemed to be in good condition. 

The normal hematocrit reading for Dog 2 (Table II) was 34; 
after two bleedings it fell to 14 and in49 dayswas found to be only 
24. 

In the case of Dog 5 (Table V) where gelatin solution was in- 
jected to restore the original blood volume after hemorrhage, the 
pH was 0.09 above normal in 5 hours, although it fell 0.09 pH 
below normal immediately after the injection. ‘This also suggests 
that the high pH values are associated with restoration of blood 
volume. 


DISCUSSION. 


It is important to consider how the data obtained from the 
above experiments may be correlated with those from other 
sources and with various theories concerning the response of the 
body to hemorrhage. 

Immediately following a hemorrhage of the magnitude of those 
produced in our experiments—one-fourth to one-half the total 
blood volume—there is a fall in blood pressure due to the dimin- 
ished volume of circulating fluid. As a result of the low blood 
pressure, low blood volume, and constriction of the peripheral 
vessels, there is a considerable decrease in the rate of blood flow 
(Cannon, Fraser, and Hooper, 1918; Robertson and Bock, 1919, 
Gesell, 1923, 1925). To restore an adequate circulation the pulse 
rate increases and tissue fluid passes into the blood. 

In the present experiments hematocrit readings indicate the 
rate and extent of dilution of the remaining blood if it may be 
assumed that no great stores of corpuscles were poured into the 
circulation. No increase in blood volume occurred in some ex- 
periments, while in others the first blood sample taken after hemor- 
rhage showed a greater or less dilution of the corpuscles. The 
hematocrit readings of blood taken 4 hours after a hemorrhage 
were always low and minimum values were obtained from blood 
taken the next day. It may be assumed, therefore, that the 
circulating blood volume had reached a maximum within 24 hours. 
This agrees with the observations of Carrier, Lee, and Whipple 


(1922). 
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The reduction of the circulation rate of blood which has been 
found to occur after large hemorrhages leads to an insufficient 
transport of oxygen to the tissues and to an increased respiration 
(Cannon, 1918; Henderson and Haggard, 1922; Gesell, 1923). 
The generally accepted opinion has been that this lack of oxygen 
results in the formation of lactic acid (Fletcher and Hopkins, 
1902, 1907; McGinty and Gesell, 1925). 

Some years ago Haggard and Henderson (1920) proposed a 
unique hypothesis to explain the decrease in alkaline reserve 
after hemorrhage. Associating the diminished CO. content and 
capacity of blood with the increased ventilation of the lungs, 
they suggested that the sequence is quite different from that com- 
monly believed to occur. They consider that oxygen-want, due 
to the diminution of hemoglobin after hemorrhage causes an in- 
creased activity of the respiratory center and overaeration of the 
blood. The blood becomes more alkaline than normal and to 
compensate for this, alkali leaves the blood and enters the tissues. 
Thus the low CQ. capacity is due to diffusion of sodium bicarbo- 
nate from the blood, rather than to its neutralization by acids 
diffusing from the tissues into the blood. 

Such an hypothesis fails to explain adequately the data obtained 
from the present experiments. ‘The blood is slightly more acid 
than normal a half hour after hemorrhage and the pH continues 
to diminish for several hours. [ven if a short period of over- 
ventilation should occur immediately after hemorrhage! it seems 
impossible that excessive ventilation should lead to so great a 
diffusion of base from the blood as to cause a diminished pH. 
Overventilation should certainly maintain an increased pH of 
the blood. Therefore, it may be concluded from the data avail- 
able that the ventilation, though above normal, is inadequate to 
remove enough CQ, from the blood to maintain a normal pH 
when acid metabolic products pour in. 

On the day following the hemorrhage, the blood is more alkaline 
than normal with a CO, capacity which has risen to normal. This 


1 Gesell and Hertzman state in a preliminary report (1925) that the blood 
actually becomes more alkaline immediately after hemorrhage but a rapid 
swing to the acid side of normal occurs suddenly. The abstract of the 
report does not permit a comparison of the time relations with the ex- 
periments in this paper. 
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is obviously contrary to the prediction of the theory of Haggard 
and Henderson. It appears, therefore, that a more satisfactory 
explanation of the present findings les in the older conception 
that the lowered pH and CO, capacity are due to the passage 
into the blood of acids formed by inadequate oxidation during the 
period immediately following hemorrhage. As the transport of 
oxygen improves with the restoration of blood volume and circu- 
lation rate, the acid products disappear and the CO, capacity of 
the blood increases. 

Milroy (1917) has suggested that the lowered reserve alkali 
found directly after hemorrhage is due to a rapid dilution of the 
blood with tissue fluids of lower bicarbonate content. The pres- 
ent experiments do not confirm his conclusions because the first 
sample of blood after hemorrhage often showed no dilution, 
while the alkaline reserve was lowered considerably. Moreover, 
the alkaline reserve may fall to a minimum and start to rise while 
the hematocrit readings are still falling. It seems, therefore, 
that the low alkaline reserve is not due merely to the dilution of 
the blood with tissue fluids. 

Evans (1921), experimenting on rabbits, found that following 
hemorrhage the alkaline reserve first fell, then rose from 5 to 123 
hours later, remaining above normal for many days until the 
hematocrit reading was restored to normal. ‘These results differ 
considerably from those obtained in the present investigations on 
dogs. Using a colorimetric method, Evans studied the pH of 
anesthetized cats and reports two experiments of which one 
shows an increased pH of blood after hemorrhage. The unusually 
low “normal” value renders the observation of doubtful signi- 
ficance. 

The slow circulation rate observed after hemorrhage by various 
investigators is associated with increased respiration. As oxygen 
transport is below normal at this time, there is probably a lack of 
oxygen in the respiratory center, which results in the increased 
respiration observed. Winterstein in 1921 suggested that the 
respiration may be regulated not only by the hydrogen ion con- 
centration of the blood, but also by the hydrogen ion concentra- 
tion developed in the respiratory center itself due toitsown metab- 
olism. According to this view, the hydrogen ion concentration 
produced in oxygen-want and similar conditions, by acid meta- 
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bolic products formed in the center, is the important factor in 
respiratory regulation and may lead to more alkaline blood by 
overaeration. Gesell (1923) has extended the conception and 
has obtained data with manganese dioxide electrodes and anes- 
thetized animals which indicate that there may be no correlation 
at times between the hydrogen ion concentration of the blood 
and the activity of the center (Gesell and Hertzman, 1925). 
He believes that the metabolism of the center, together with the 
efficiency of removal of acid metabolic products, carbon dioxide 
and lactic acid, may be considered the points of fundamental 
importance. 

A few aspects of the present experiments may be considered 
from this point of view. The increased lung ventilation found 
after hemorrhage caused a diminished CO, tension, but not an 
overaeration, since the pH of the arterial blood decreased. The 
lowered alkaline reserve indicates an extensive acid production 
throughout the body as early as 4 hour after the hemorrhage. 
The increased respiration may therefore be due to lactie acid 
production in the center caused by inadequate oxygen transport. 
That nerve tissue may form lactie acid is demonstrated by the 
investigations of McGinty and Gesell (1925). 

The diminished hematocrit reading and the increasing alkaline 
reserve, which occur in 4 hours or more after hemorrhage, give 
evidence of improvement in the circulation. If the rise in alkaline 
reserve is due to oxidative removal of lactic acid in tissues, such 
as muscles, this same process may be presumed to occur in the 
respiratory center. This would lead to an increase in the alka- 
linity of the center, a decrease in respiration, and an increase in 
arterial CO, tension. But it is difficult to understand how the 
center can become so alkaline as to cause a decrease in respiration 
which would result in an accumulation of carbon dioxide sufficient 
to decrease the pH of the blood still further. CO. tensions above 
normal have sometimes been found. It seems difficult to ac- 
count for the maintenance of such a low pH of the blood by the 
presence of so high a concentration of easily diffusible acid which 
may diffuse into the respiratory center, unless the activity of the 
respiratory center has been altered by factors other than the 
hydrogen ion concentration within the center. 

On the day following the hemorrhage the situation is quite 
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different. The maximum dilution of the blood has occurred 
with the accompanying increased rate of blood flow. Data ob- 
tained from the acacia experiments of Gesell and his coworkers, 
would suggest that the ‘‘nutrient flow’’ (blood flow x hemoglo- 
bin) may even be unexpectedly high and perhaps not far from 
normal. Under these conditions the lung ventilation is sufficient 
to maintain a pH of the blood above normal and a low CO» 
tension. This demands overactivity of the respiratory center. 
A simple explanation would be that overactivity is due to an 
excess of acid in the center itself. This might result from de- 
creased oxygen and CQO, transport due to the low concentration 
of hemoglobin in the blood. But before accepting such an hypo- 
thesis, the decreased transport of oxygen and CQ. should be 
demonstrated in view of the following considerations. ‘That nor- 
mal supplies of oxygen are available in anemia has been shown 
by Lundsgaard (1919). He found that patients with anemia 
could use their reserve oxygen. Until complete reduction of the 
oxyhemoglobin to hemoglobin failed to furnish sufficient oxygen 
to the tissues, there was no compensatory increase in the rate of 
circulation in the resting organism. As the alkaline reserve is 
normal in the experiment described in the present paper (some- 
times above) it is obvious that oxygen is furnished to the tissues, 
at least to the muscles, in quantities sufficient to keep the pro- 
duction of lactic acid within normal limits. This indicates that 
the oxygen transport is maintained within normal limits. The 
isohydric change of oxyhemoglobin to hemoglobin accounts for 
the carrying of 75 per cent or more of the carbon dioxide from the 
tissues. Therefore if normal quantities of oxygen are being fur- 
nished to the tissues by a rapid flow of diluted blood, the nor- 
mal acid transport can hardly be seriously affected. Of course, 
the respirato:y center may be more sensitive than other tissues 
to a small accumulation of acid due to a slight oxygen-want or 
slightly deficient acid transport. But any explanation which 
may be given to account for overactivity of the center on the 
day fcllowing a hemorrhage must take into account the fact 
that without any appreciable change in concentration of red 
cells, an adjustment in respiration occurs within a few days so 
that the pH of the blood again returns to normal. 

The conclusion may perhaps be drawn from the above dis- 
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cussion that variations in the hydrogen ion concentration of the 
blood cannot be used alone to prove that inverse variations in 
hydrogen ion concentration have taken place in the respiratory 
center. 


SUMMARY. 


Blood was studied at various intervals after large hemor- 
rhages in dogs. 

After hemorrhage there was a er acid production as indi- 
cated by a fall in pH and alkaline reserve. The alkaline reserve 
started to rise quickly and was normal on the day following the 
hemorrhage. At this time the pH had swung to the alkaline side 
of normal. It returned to normal after several days. 

The observations are discussed from the point of view of several 
recent theories concerning the regulation of blood alkali and the 
activity of the respiratory center. 


The writer wishes to thank Dr. D. W. Wilson for suggesting 
this work, and for his valuable help and criticism in this and the 
two following papers. 
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A COMPARISON OF THE pH OF SERUM AND PLASMA 
OF DOG BLOOD.* 


By MARY A. BENNETT. 


(From the Laboratory of Physiological Chemistry, School of Medicine, 
University of Pennsylvania, Philadelphia.) 


(Received for publication, May 18, 1926.) 


While the hemorrhage experiments reported in the previous 
paper were being carried out, it was thought advantageous to 
study serum instead of plasma in order to escape the slight trace 
of hemoglobin which is nearly always present in oxalated dog 
plasma. Serum is different from plasma in that fibrinogen which 
is present in the latter has been precipitated, removing protein 
from solution and probably causing other changes of unknown 
nature. ‘The removal of fibrinogen may alter the pH of the blood 
or may affect the color of the indicator. Therefore, if the data 
obtained with serum are to be used in discussing the chemistry 
of plasma, it is important to determine whether differences may 
be observed between the pH of dog plasma and serum. 

While such comparisons were being made, a paper was published 
by Hirsch (1924) in which evidence was presented that serum is 
more acid than plasma. Hirsch studied, with a spectrophotom- 
eter, the color change of an indicator in rabbit plasma before 
and after clotting. From a measurement of these color changes 
he concluded that there was a decrease of pH with clotting. For 
rabbit plasma he found an average difference of 0.09 pH between 
the clotted and unclotted samples. In a single experiment on dog 
plasma the difference was 0.24 pH. 

In a later article, however, which was published after the experi- 
ments presented in this paper were completed, Hirsch (1925) 
showed that the color changes determined by the spectrophotom- 
etric method could not be directly converted into pH values. 


* A brief report of this paper is given in Proc. Soc. Exp. Biol. and Med., 
1925, xxiii, 115. 
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This makes doubtful the accuracy of the data and conclusions 
reported in his previous paper. 

Kugelmass (1925) while studying the mechanism of blood clot- 
ting determined the pH of mixtures of plasma and thrombin, and 
fibrinogen and thrombin before and after clotting. He found 
that in each case the pH was greater after clotting. He concludes 
that fibrinogen absorbs hydrogen ions in the process of corgulation. 
The initial systems used were all of a much greater hyd:ogen ion 
concentration than normal blood, being all below pH 7.0. Since 
Kkugelmass has shown by experiments that the higher the initial 
Cy the greater will be the diminution in hydrogen ion concentra- 
tion of the system due to coagulation, it might be possible that, 
at the normal pH range of blood, there would be no noticealle 
change to the alkaline side. In the absence of a detailed descrip- 
tion of his experiments the question arises whether the analytical 
results are in error due to the precipitation of fibrin on the 
electrodes. 


EXPERIMENTAL, 


The pH of serum or plasma was determined in the present ex- 
periments using Cullen’s (1922) colorimetric and the standard 
electrometric! methods. ‘Two blood samples were drawn merely 
by shifting the rubber tube attached to the needle from one con- 
tainer to another. In some experiments the plasma sample was 
collected first and in others the serum sample. In the first two 
experiments the plasma was obtained from blood drawn over 
mercury into a tonometer containing dried potassium oxalate and 
sodium fluoride as recommended by Evans (1922); in the other 
experiments the blood was collected under oil using oxalate alone. 
The serum was obtained from clotted or defibrinated blood col- 
lected under oil. All specimens of blood were centrifuged under a 
layer of solidified paraffin. 

Table I gives the results of the determinations on normal dog 
blood. They show that the pH was the same for both plasma 
and serum. ‘The correction for the colorimetric pH which Cullen 
found to be 0.35 pH for dog plasma varied considerably. It was 
slightly greater for serum than for plasma, as stated by Cullen. 


1 Bennett, M. A., J. Biol. Chem., 1926, Ixix, 675. 
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SUMMARY. 


A comparison was made of the pH of plasma and serum of blood 
from normal dogs. No difference was found. 
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A NOTE ON CULLEN’S COLORIMETRIC METHOD FOR 
THE DETERMINATION OF THE pH OF BLOOD 
PLASMA.* 


By MARY A. BENNETT. 


(From the Laboratory of Physiological Chemistry, School of Medicine, Uni- 
versity of Pennsylvania, Philadelphia.) 


(Received for publication, May 18, 1926.) 


In studying the effect of hemorrhage upon the acid-base equi- 
librium in the blood of dogs, both Cullen’s (1922) colorimetric 
method and the electrometric method were used for the determina- 
tion of the hydrogen ion concentration of plasma and serum. The 
colorimetric method requires much less time and blood, and would 
therefore be preferable. But since this method requires, for dog 
blood, a large correction (0.35 pH) which at the time of the present 
experiments had not been studied under abnormal conditions, it 
was thought advisable to check Cullen’s method by the electro- 
metric method. 

The correction is necessary to convert the colorimetric readings 
at 20°C. to the electrometric readings at 38°C. owing to variations 
in the pH of the solution and in the color of the indicator due to 
protein and salts, and the difference in temperature. As the com- 
position of the blood varies considerably after hemorrhage, it was 
thought that the correction might not remain constant. 

While these experiments were being carried out, Hastings and 
Sendroy (1924) reported that Cullen’s correction disappeared if 
the colorimetric determinations were made at 38°C. instead of at 
20°C. They state that the salt error and protein error are negli- 
gible in determinations carried out by Cullen’s procedure; and 
the dilution itself does not influence the readings. ‘Therefore the 
temperature correction is the only one of importance, and this, 
they state, disappears if the colorimetric readings are made at 


* A brief report of this paper is given in Proc. Soc. Exp. Biol. and Med., 
1925, xxiii, 115. 
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38°C. In one of the present experiments, the readings were made 
at 38°C., but contrary to the observations of Hastings and Sendroy 
(1924) there was not a complete disappearance of the correction. 

About the time that these observations were being made, Hast- 
ings, Neill, Morgan, and Binger (1924) reported that the colori- 
metric correction for human plasma in pneumonia was greater than 
the normal correction by 0.05 pH. Since then, Austin and Cullen 
(1925) and Cullen, Keeler, and Robinson (1925) have noted varia- 
tions in the colorimetric correction and the inadequacy of the 
modification of Hastings and Sendroy (1924). Austin, Stadie, 
and Robinson (1925) stimulated by the data reported in the 
present paper, have studied the situation in detail, have reached 
similar conclusions, and have suggested a modification of the 
method. 


EXPERIMENTAL. 


The methods used in the present experiments were carried out 
as follows. Blood was drawn under oil, without stasis and without 
loss of COs, into a tube coated with sufficient potassium oxalate 
to make a 0.3 per cent solution when mixed with the blood. It was 
centrifuged in the tube which was completely filled with blood and 
stoppered, or overlaid with paraffin as suggested by Hastings and 
Sendroy (1924). At no time was the blood allowed to come into’ 
contact with air. The serum was obtained by allowing the blood 
to clot in the tube and then centrifuging in the same manner as the 
plasma. ‘The pH of the plasma or serum was then determined by 
Cullen’s colorimetric method and by the electrometric method, 
following the usual procedure. ‘The colorimetric readings were 
made at 20°C. and some at 38°C., the electrometric determination 
was made at 38°C. 

As shown by Table I the correction necessary to convert the 
colorimetric readings at 20°C. to electrometric readings at 38°C. 
did not stay constant. The correction varies from 0.35 to 0.42 
in the normal sera studied. <A variation of this type due to the 
differences of blood of different individuals would probably not 
invalidate conclusions drawn from colorimetric determinations. 
But a far more serious difficulty is evident when the variations in 
the correction for determinations on blood from an individual 
animal are examined. ‘The correction was found to vary as much 
as from 0.24 to 0.41 when blood from one animal was studied from 
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Effect of Hemorrhage on the Colorimetric pH Correction. 


Electro- | metric metric 


metric pH p 
pH. uncor- | correc- 
rected. tion. 


Coleri- | Colori- 


metric pHi pki 
pH. uncor- | correc- 
rected. tion. 


Colori- | Colori- 
Electro-| metrie metric 


Dog 1. Plasma 
iirst hemorrhage ). 


Dog 2. Plasma 
irst hemorrhage). 


7.31 7.65 | 0.34 | 7.34 | 7.68 | 0.34 
» hr. after hemorrhage... .. 7.29 | 7.65 | 0.36 
are. “ | 7.@ | 0.41 7.60 
3 days “ 7.40 | 7.66 | 0.26 
7.35 | 7.56 | 0.21 
Dog 3. Serum Dog 2. Plasma 
(first hemorrhage). | (second hemorrhage). 
7.33 | 7.75 | 0.42 | 
hr. after hemorrhage. .| 7.31 7.73 | 0.42 7.36 | 7.58 | 0.22 
4 hrs. 7.26 7.49 0.49 4.25 7.55 | 0.30 
7.38 | 7.75 | 0.37 7.67 | 
3-4davs 7.34 | 7.73 | 0.39 | 7.36 | 7.60 | 0.24 
7.338 | 7.73 | 0.40 | 
| 7.26 | 7.58 | 0.32 


Dog 3. Serum 


‘second hemorrhage). 


Dog 4. Serum 
(first hemorrhage). 


hr. after hemorrhage... . 
“ 
24 


9-14 davs after hemorrhage 


4.32 17.73 | 0.4 
7.31 7.70 | 0.44 
7.39 | 7.75 | 0.36 
7.34 | 7.70 | 0.36 
7.33 | 7.70 | 0.37 


7.34 |7.70 | 0.36 


69 | 0.35 


7.35 | 7.64 | 0.29 
7.34 


Dog 3. Serum 
(third hemorrhage). 


Dog 4. Serum 


‘second hemorrhage). 


1 } fter he ‘rhage 

hr. after hemorrhage. ... 
4hrs. “ 


24 


7.64 
7.40 | 0.33 
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day to day. Curiously enough, the correction varied in such a 
way, that the variations of the colorimetric readings were less 
than those of the electrometric determinations and in some cases 
disappeared almost completely. The corrections for both serum 
and plasma varied in a corresponding manner, though the serum 
correction seemed to range higher than that for plasma. 


TABLE IL. 
Effect of Hemorrhage and Gelatin Saline Injection on the Colorimetric pH 
Correction. Dog. 5, Serum. 


metric pH. 
1 hr. after hemorrhage and 5 min. after in- 
jection of 6 per cent gelatin saline solution..| 7.26 7.60 0.34 
4! hrs. after injection of gelatin.............| 7.44 7.78 0.34 


TABLE III. 
Corrections for Colorimetric pH Readings Made at 20° and 38°C. 


Colori- Colori- 
Klectro- metric pH PH metric pH 
metric pH. correction correction 
TeC ted 20°C Te ted 
20°C. 38°C. : 
7 — 2, ~ 
Normal plasma.......... 7.30 7.65 0.35 7.45 0.15 
hr. after hemorrhage. | 7.23 7.65 0). 42 7.45 0.22 
5 hrs. “ ry 7.65 7.45 
7.34 7.74 0.40 7.52 0.18 
7.39 7.81 0.42 7.60 0.2 
7.39 7.85 0). 46 7.60 0.21 


About 4 hours after hemorrhage the correction had risen from 
0.06 to 0.08 above the normal value. On the day following a 
hemorrhage, the correction was often from 0.05 to 0.09 below 
the normal value. Thereafter the value tended to rise slowly 
to a normal level. 

No variation in the correction was observed in one experiment 
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in which gelatin saline solution was infused immediately after 
hemorrhage. (Table II). 

In one experiment the colorimetric readings were made at 38°C., 
as well as at 20°C. (Table III). Although the corrections were 
not as large when the readings were made at 38°C., they did not 
disappear, and showed as great variation in the same general 
directions after hemorrhage as did the 20°C. correction. These 
results are at variance with those of Hastings and Sendroy (1924) 
who found the correction to disappear entirely. 

The causes for the variations of the colorimetric correction are 
unknown. ‘The great variation which occurs after hemorrhage 
might be attributed to differences in the concentration of fibrinogen 
in plasma (Foster and Whipple, 1922). Such an explanation fails 
when it is found that the correction changes in serum as well as in 
plasma. It is impossible with the information available at present, 
to know whether other factors causing or resulting from blood 
coagulation can influence the results. Marked changes occur 
in the concentration of serum proteins as well as the ratio of 
globulin to albumin after hemorrhage, but these changes offer 
no simple explanation for the observed variations (Marrack and 
Smith, 1924; Cullen, Keeler, and Robinson, 1925). The varia- 
tions of the different salts of the serum (Kerr, 1926) seem too 
slight to warrant consideration. 


SUMMARY. 


Cullen’s colorimetric method was found to be unreliable even 
for comparative studies after hemorrhage in dogs. ‘The correc- 
tion, necessary to convert the colorimetric readings at 20°C. to 
the electrometric pH at 38°C., was found to vary considerably. 
The correction for normal sera varied from 0.35 to 0.42. In an 
individual animal the correction varied from 0.24 to 0.41 after 
hemorrhage. 
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THE ESTIMATION OF FRUCTOSE, SUCROSE, AND 
INULIN. 


By WALTER R. CAMPBELL ann M. I. HANNA. 


(From the Department of Medicine, University of Toronto, and the Toronto 
General Hospital, Toronto, Canada.) 


(Received for publication, June 21, 1926.) 


For the further investigation of certain aspects of metabolism 
simpler and more specific methods for the quantitative estimation 
of carbohydrates seem essential. A method for the estimation of 
dihydroxyacetone in blood has recently been described by one of 
us (1). It consists in direct reduction of molybdenum in phos- 
phoric acid solution by the dihydroxyacetone and its subsequent 
reoxidation by means of standard permanganate solution or colori- 
metric estimation against a suitable standard. This reducing 
power, while highly selective for dihydroxyacetone as against 
glucose, is also shared by other ketoses, among them fructose, 
though not to so great an extent. It is probable that sucrose 
causes reduction in virtue of its fructose content also, a prelim- 
inary hydrolysis of the sucrose into glucose and fructose taking 
place in the boiling phosphoric acid solution. In addition inulin 
is readily hydrolysed to levulose and reduces as such. ‘The re- 
action, as previously noted by Miller and Taylor (2), is not a 
specific one for carbohydrates, but is shared by other reducing 
substances. On this account we are as yet unable to obtain 
satisfactory results with urine, though it is applicable to pure 
solutions of the substances mentioned, to solutions which also 
contain glucose or lactose or maltose, and to blood filtrates con- 
taining them. As in principle the methods are but developments 
of the method previously described for dihydroxyacetone, the 
purpose of this present paper is to establish the conditions most 
suitable for the estimation of the other carbohydrates named. 
After some preliminary tests had established the fact that fruc- 
tose, and through it sucrose and inulin, reduced the Tolin-Wu 
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phosphate molybdate reagent directly, it was noted that incon- 
stant quantitative results were obtained when a short period of 
boiling was used and that the reduction increased with further 
boiling of the mixture. It became necessary then to establish the 
time curve of the reduction by these substances. 

Solutions were made up containing 3 mg. per cc. of different 
carbohydrates. 2 cc. of these solutions were mixed in a test-tube 


TABLE I. 
Effect of Boiling on the Reduction of Molybdenum by 1 Mg. of Various Carbo 
hydrates in Ce. of —/200 KMnO, Solution.* 


Time. Fructose. Sucrose. Inulin. Glucose. Lactose. Maltose. 
min. 66. ce, cc ee. cc 

5 0.45 Q. 2! 0.45 0.06 0.03 0).04 
10 1.34 0.70 1.32 0.10 0.03 0.04 
15 2.72 1.40 2.40 0.15 0.04 0.05 
20 3.50 1.82 3.30 0.20 0.05 0.06 
25 4.68 2.40 4.20 0.25 0.05 0.08 
30 5.42 2.98 5 05 0.30 0.07 0.12 
30 6.32 3.37 5.80 0.35 0.08 0.16 
40 6.80 3 70 6.68 0.36 0.10 0.20 
45 7.10 3.85 7.02 0.37 0.15 0.23 
50 7.45 4.15 7.35 0.40 0.20 0.27 
5D 7.85 4.38 7.50 0. 40 0.22 0.30 
60 8.15 4.60 7.80 0.40 0.24 0.30 
65 8.28 4.65 8.10 0.40 0.26 0.35 
70 8.50 4.7 8.30 0). 40 0.28 0.40 
75 8.70 4.75 8.50 0.40 0.32 0.40 
SO 8.75 4.78 8.60 0.40 0.38 0.45 
85 8.75 4.83 8.68 0. 40 0.40 0.45 
90 8.79 4.85 8.68 0.40 0. 40 0.45 


* Uncorrected for blank. Blank: 5 min. 0.02 ec., 10 min. 0.03 ec., 20 min. 
0.03 ec., 30 min. 0.04 ce., 40 to 90 min. 0.05 ec. 


with an equal quantity of phosphate molybdate reagent (Folin- 
Wu); the tube was capped with lead foil and placed in a boiling 
water bath. Similar tubes of the mixture were placed in the 
boiling water bath at each successive 5 minute period. All were 
removed to another water bath and cooled with running water 
at the end of 90 minutes. After addition of 1 ec. of 50 per cent 
sulfuric acid the contents of the tube are titrated with n/200 
KMnO,. Blank determinations with the reagent and water are 
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also made and subtracted from the value obtained. Owing to the 
prolonged boiling period capping the tubes becomes necessary to 
prevent concentration of the mixture. The results of this experi- 
ment as carried out on levulose, sucrose, inulin, glucose, maltose, 
and lactose are shown in Table I, and the reaction time curve for 
levulose and sucrose are given in Chart I. 

On inspection of Table I it will be noted that all six carbohy- 
drates reduce the phosphate molybdate reagent in some degree 
and in each case the maximum reduction is attained after 60 to 
90 minutes of boiling time. The reduction due to inulin is nearly 
the same as with fructose; that due to sucrose approximately 


‘Pructase 
= 


H i 
+— - + 


re) 25 K © 35 40 45 50 55 60 65 70 75 80 65 


Min. 5 10 15 
Cuartl. Reaction time curve of fructose and sucrose. 


one-half as great as with fructose; while that produced by glucose, 
lactose, and maltose is less than one-twentieth as great. Regarding 
inulin as an anhydride of levulose, 1 molecule of water should be 
added during the boiling, thus increasing the weight of carbo- 
hydrate from 1 mg. to approximately 1.1 mg., and one would expect 
a commensurate increase in the reduction as compared with fructose. 
Nevertheless, using repurified, water-free samples of the best inulin 
available, we have been unable to improve the results which are 
consistently 1 per cent less than those obtained with an equal 
weight of levulose. Similarly, 1 mg. of sucrose should yield on 
hydrolysis 1.05 mg. of invert sugar and as the hydroxyl group is 
thought to be attached to the fructose residue there should be 
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present approximately 0.503 mg. of glucose and 0.547 mg. of 
fructose. Subtracting from the sucrose values the additional 
reduction due to the glucose produced does not, however, give a 
value equal to the theoretical fructose content, though it is con- 
siderably nearer this value than in the case of inulin. The small 
amount of reduction produced by glucose, lactose, and maltose 
makes this an unsuitable method for their estimation, while the 
great difference in reducing power in acid solution permits of 
estimation of these two groups of substances in the presence of 
each other. 

The period of boiling required to attain maximum reduction is 
somewhat prolonged and repeated efforts have been made to 
secure a shorter boiling period by various means, which eventually 
resulted in failure. From the form of the curve, Chart I, it will be 
seen that slight variations in temperature of the water bath will 
have a marked effect. When but one tube is placed in the boiling 
bath for 30 minutes the results coincide with this curve but when 
several are introduced at the same time the reduction is always 
less than the expected value due to cooling of the water bath. 
Autoclaving the mixture at pressures of 4 to 6 atmospheres re- 
sults in very rapid reduction of the molybdenum but it is not 
quantitative on account of a destruction of the sugar which takes 
place. Similarly, heating with larger quantities of acid or with 
large amounts of salt to raise the boiling point has failed to give 
quantitative results. This method then will be inapplicable in its 
present form in short period experiments on animals when the 
results are required to determine the next step or in certain manu- 
facturing processes when the sugar values are required rapidly. 


Method. 


From the facts deduced from the preceding work it will be seen 
that the volumetric method for the estimation of dihydroxyace- 
tone can be applied with some modification to the estimation 
of fructose, sucrose, and inulin. The following technique is 
suggested. 

2 ce. of a suitably diluted sugar solution are mixed with 2 cc. of 
phosphate molybdate solution in a test-tube capped with lead 
foil and placed in a boiling water bath for 90 minutes. The tube 
is then removed, cooled in water, and 1 ee. of 50 per cent H.SO,; 
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is added and the mixture titrated with n/200 KMn0O, solution 
delivered from a micro burette. The amount of sugar present is 
calculated from the equation after subtracting the blank determina- 
tion from the number of ce. of permanganate used. The blank value 
varies slightly with the reagents employed and should be determ- 
ined with each new lot used. I or preparation of the reagents the 
reader is referred to the previous paper on the determination of 
dihydroxyacetone (1). It should perhaps be noted that n/200 


TABLE II. 


Molybdenum Reduction by Aqueous Solutions of Carbohydrate in Ce. of N/200 
KMn0O, Required for Reoxridation.* 


Fructose. Sucrose. 

Weight. Concontaation | Weight. | used. 
mg. mg. ce. my mg ce. 
2.0 100 17.40 4.0 200 19.20 
1.95 7) 12.92 2.0 100 9.62 
1.0 50 S.70 1.5 79 7.21 
0.5 25 4.35 1.0 50 4.80 
Q.2 10 1.74 0.5 25 2.40 
0.15 7.9 1.30 Q.2 10 0.96 
0.10 2.0 0.85 0.15 7.5 0.72 
0 OS 4.0 0.75 0.10 5.0 0.48 
0.05 2.5 0.45 0.08 4.0 0.38 
0.04 2.0 0.35 0.05 2.9 0). 24 
0.02 1.0 0.17 0.04 2.0 0.19 
0.01 0.5 0.0 0.02 1.0 0.09 
0.005 0.25 0.04 0.01 0.5 0.04 

0.005 0.25 0.02 


* Corrected for blank. 


IX Mn, is here used instead of N/LO0 IKXMnQ, used in the previous 
paper. The normality of this solution may be varied according 
to the amount of molybdenum reduction to be expected in a 
given series of experiments, it being undesirable to use very large 
volumes of fluid for titration as this practice tends to decrease the 
sharpness of the end-point. As the equation below has been 
determined for nN, 200 KMnO, any alteration in the normality of 
the permanganate must be compensated either by using another 
equation or introducing an appropriate factor. It is sometimes 
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advantageous, particularly when the concentration of carbo- 
hydrate is small, to use larger quantities of solution if available. 

As shown in Table II the number of cc. of permanganate used 
varies directly with the amount of carbohydrate present when the 
method suggested above is followed. The concentration or amount 
of the levulose is then obtainable directly after subtraction of the 
titration value of the blank from the equation: 1 mg. of fructose 
= &.7 ec. of N/200 KMn0O,. Or, since 2 ec. of solution are used 
in the test, a reduction of 17.4 ec. N 200 KMnQO,; = 0.1 per cent 
solution. 

Since the results on inulin are so close to those for levulose it is 
believed that no significant error will be introduced when small 


TABLE III. 
Showing Proportionality of N/200 KMnO,g Used to Carbohydrate Added to 
Blood Filtrates.* 


Fructose. Inulin. Sucrose. 
Carbohydrate Titration Titration Titration 
added. value found.* expected.* value found.* | value found.* ae 
mg. ce, ce. ce, cc. ce. 
2.0 17.43 . 17.40 17.24 9.61 9. 60 
0.15 8.70 8.70 8.69 4.79 4.80 
0.55 4.35 4.35 4.34 2.41 2.40 
0.125 1.10 1.09 1.09 0.61 0.60 


* Corrected for blank. 


quantities are being estimated by using the levulose equation and 
reading as inulin directly. 1 per cent of the indicated value can be 
added if greater accuracy is desired. Tor sucrose the use of a 
separate equation is suggested since the glucose produced has a 
slight effect on the result. After subtraction of the blank, 4.80 ce. 
of N, 200 KMnO, = 1 mg. of sucrose or 9.60 ee. of N/ 200 IKMnO, 
= a 0.1 per cent solution. 

In examining Folin-Wu blood filtrates containing the above 
sugars the blank is different from that obtained with water solu- 
tions. When the blood sugar level of the individual is approxi- 
mately normal (0.1 per cent) the blank is equal to about 0.60 ce. of 
n/200 KMnQ, and increases 0.08 ec. with each additional 0.1 
per cent of blood sugar. In patients the titration value of the 
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blank is determined on the specimen of blood taken during fasting. 
As is shown in Table III, when the blank is subtracted the amount 
of permanganate necessary to reoxidize the molybdenum varies 
directly with the carbohydrate content of the filtrate. Then 1.74 
ec. of N/200 KMnO, = 100 mg. of fructose per 100 ee. of original 
blood and 0.96 ee. of N/200 KMnQO, = 100 mg. of sucrose per 
100 ee. of original blood. 

The method does not in itself afford a differentiation between 
dihydroxyacetone, fructose, sucrose, and inulin. With the addi- 
tion of other tests certain differentiating points may be deduced. 
The action of dihydroxyacetone on the molybdenum compound 
is complete in at most 15 minutes, whereas in the other cases | to 
13 hours are required for the maximum reduction to take place. 
Increasing reduction of molybdenum with the increased boiling 
time indicates the presence of a substance other than dihydroxy- 
acetone. Dihydroxyacetone also reduces alkaline copper solutions 
in the cold and this may be used as a means of differentiation (3). 

Sucrose does not reduce the Folin-Wu copper tartrate reagent, 
while it does reduce the molybdenum in acid solution. Acid 
hydrolysis of sucrose solutions followed by neutralization yields 
a mixture of glucose and fructose which reduces the alkaline cop- 
per solutions approximately twice as much as might be expected 
from the molybdenum reduced calculated as fructose. 

I'ructose reduces copper and also, more slowly, molybdenum, 
without an increase in reduction of either after hydrolysis. 

Inulin behaves peculiarly. While reducing molybdenum in acid 
solution approximately as much as fructose there is no evidence 
of reduction of copper when pure solutions are used unless a con- 
siderable quantity (more than 1 mg. per cc.) is present. When 
glucose is also present it appears to cause decrease in the amount 
of copper reduced by the glucose. After acid hydrolysis, how- 
ever, the substance reduces both copper and molybdenum the 
same as fructose. 

It has elsewhere been shown (4,5) that dihydroxyacetone is 
converted to glucose in the animal organism and, furthermore, 
that the transformation takes place in the liver (6). Levulose has 
also been shown by Mann (7) to be converted to glucose by the 
liver. Demonstration of this function of the liver increases the 
interest in these substances as tests for the functional efficiency 
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of the liver in diseases since the failure or delay in conversion 
of these substances can now be directly measured in the blood of 
the patient. Further investigation in this direction is now being 
earried on and will be reported later. Attention, however, may 
be directed to the relatively large blank determination on the Folin- 
Wu blood filtrates. Approximately 100 filtrate blanks have been 
made on normal and abnormal bloods, the latter mostly from dia- 
betic patients. The values obtained for the blank centre around 
0.60 ec. of N 200 IKKMnQO, and when corrections are made for the 
amount of reduction due to the difference between the blood sugar 
actually obtained and the normal level (0.1 per cent) the blank is 
nearly always 0.60 ec. We have at present no means of determin- 
ing whether any of the reducing substance is fructose but there 
is no doubt that all of the reduction cannot be accounted for 
in this way. Through the kindness of Professor George Hunter 
we have been supplied with specimens of glutathione and sub- 
stance X (8) which in collaboration with Dr. Kagles he has shown 
to occur in normal blood.' Glutathione reduces the molybdenum 
in acid solution to some extent when in the oxidized form but the 
reduction is greatly increased by preliminary reduction of gluta- 
thione by zine and hydrochloric acid. Substance X reduces the 
phosphate molybdate reagent strongly and en addition of per- 
manganate a fine white precipitate appears in the solution. As 
these substances are known to occur in blood it seems probable 
that the reduction encountered in the blood filtrates is in part due 
to them. Indeed from the amount of glutathione and of sub- 
stance X believed by Hunter to be present in blood these sub- 
stances might account for practically the whole of the reduction by 
blood filtrates. It may also be mentioned in this connection that 
the blank determination on blood filtrates from nephritic patients 
showing non-protein nitrogen retention is uniformly higher than 
that of normal bloods. 


SUMMARY. 
Methods for the estimation of fructose, sucrose, and inulin in 
pure solution and in the presence of glucose, lactose, and maltose 


and in blood filtrates have been described. They consist in the 
direct reduction of molybdenum in phosphoric acid solution and 


1 Personal communication. 
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reoxidation with potassium permanganate. These methods are 
being applied to the investigation of certain problems in which 
a direct estimation of these substances are of value. 


BIBLIOGRAPHY. 


. Campbell, W. R., J. Biol. Chem., 1926, Ixvii, 59. 

. Miller, C. W., and Taylor, A. k., J. Biol. Chem., 1914, xvii, 531. 

. Rabinowitch, I. M., Canad. Med. Assn. J., 1925, xv, 374. 

. Campbell, W. R., and Hepburn, J., J. Biol. Chem., 1926, |xvilii, 575. 

. Campbell, W. R., Fletcher, A. A., Hepburn, J., and Markowitz, J., 
Proc. Am. Soe. Biol. Chem., 1925, 57: J. Biol. Chem., 1926, Ixvui, p. 
Ivii. 

. Campbell, W. R., and Markowitz, J., unpublished papers. 

. Mann, F.C., J. Am. Med. Assn., 1925, |xxxv, 1472. 

. Hunter, G., and Eagles, B. A., J. Biol. Chem., 1925, Ixv, 623. 


Cre W lo 


St 


3 
j 


“4 
asa 


THE EFFECT OF MUSCLE AND INSULIN ON GLUCOSE 
IN VITRO. 


By M. M. HARRIS, MARGARET LASKER, anp A. I. RINGER. 
(From the Medical Division of the Montefiore Hospital, New York.) 


(Received for publication, May 26, 1926.) 
INTRODUCTION. 


During the past few years, a number of attempts have been 
made to show that in the intermediary metabolism of carbo- 
hydrates y-glucose plays an important réle. It has long been 
known that when glucose is dissolved in water it shows a specifie 
rotatory power of [a];’ + 105°. On standing, this reading gradu- 
ally diminishes until it reaches the level of 52.5°. Under ordinary 
circumstances it takes about 20 hours to bring it to that level. 
If the sugar solution is heated or a small amount of ammonium 
hydroxide is added, it reaches that level within a few minutes. 

This phenomenon of mutarotation has been explained on the 
basis of glucose existing in two isomeric states. The one is known 
as a-glucose, which has a specific rotation of 105°, and is the state 
in which pure glucose is found when freshly dissolved in water. 
The other is known as 8-glucose and has a specifie rotation of 22.5°. 
When the latter is dissolved in water, the rotation gradually 
mounts until it reaches 52.5°, the converse of the dropping of the 
rotation when the a-glucose is dissolved in water. The explana- 
tion for this can be found in the assumption that each glucose, 
when in solution, is unstable and is readily converted into the 
other until equilibrium is reached when the 2 glucose molecules 
are present in amounts which give a specific rotation of 52.5°. 

In 1920 Hewitt and Pryde (1) reported the occurrence of a de- 
pression in optical rotation in aqueous solutions of glucose which 
had been in contact with living intestinal mucous membrane. 
They suggested that this might be due to the formation of a 
y-glucose. Van Creveld (2) and Stiven and Reid (3) could not 
confirm their findings. 
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In 1922 Winter and Smith (4) reported that in normal man and 
animal the blood sugar, as determined by optical rotation, was 
lower than that calculated from reduction. No such differences 
were found in the blood of diabetic patients. They suggested 
that this difference, found in normal bloods, might be due to the 
formation of a y-glucose and that it did not occur in diabetics 
because they lacked the necessary enzyme to convert a- and 
8-glucose to this form. 

Eadie (5) repeated the work of Winter and Smith with rather 
inconclusive results. Denis and Hume (6) using another chem- 
ical method for precipitating the proteins and van Creveld using 
ultrafiltration of serum could not confirm their findings. 

Visscher (7) found that when normal instead of 2 normal acid 
was used in precipitating the proteins, the findings of Winter 
and Smith could not be corroborated. He therefore believes that 
the lowered polariscopic readings obtained by the latter workers 
are due to other substances than glucose. 

In 1925 Lundsgaard and Holbgll (8) published some experiments 
in which they studied the effect of fresh muscle on solutions of 
glucose and insulin. They incubated such mixtures for 2 hours 
at 37°C’. and then dialyzed them in collodion bags for 13 hours. 
In the dialysates thus obtained, the amount of sugar determined 
by reduction was always greater than that calculated from optical 
rotation. No such differences were obtained with a mixture of 
glucose and insulin or of glucose and muscle alone. To account 
for these differences they suggested two possibilities: (1) a dis- 
turbance in the equilibrium between a- and 6-glucose with a result- 
ing increase in the 6 form, (2) the possible formation of y-glucose. 

At the time of the publication of Lundsgaard and Holbgll we 
were engaged in an investigation in which it was necessary to 
determine the presence of active insulin in certain mixtures. It 
occurred to us that their method might afford a simple means 
for making such determinations 7n vitro. We therefore proceeded 
to follow the method described by those authors. 

Muscle of various animals (cat, rabbit, guinea pig) was used 
for the experiments. The animal was killed by a blow on the 
head, and the skeletal muscles were removed as quickly as possible 
and ground in a meat chopper, previously washed with boiling 
hot water and rinsed with physiological saline solution. Weighed 
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amounts of ground muscle were added in turn to each of a series 
of flasks containing 50 ce. of glucose, saline solution plus insulin 
at 37°C. Controls were run simultaneously without insulin and 
others without the addition of muscle. The amount of insulin 
used was 40 units in some experiments and 10 units in others. 
The flasks were placed in a water bath at a temperature of 36-37°C. 
for 2 hours and the contents frequently stirred. The fluid portion 
from each flask was then transferred to duplicate collodion bags 
and dialyzed against an equal quantity of 0.9 per cent NaCl 
solution for 13 hours, at room temperature. The dialysates were 
then polarized at room temperature in a Haensch-Sechmidt polari- 
scope using 1 or 2dm. tubes. The vernier of the polariscope read 
to 0.01 and the maximum average deviation of our readings was 
below 0.015. 


TABLE I. 
1 Per Cent Glucose Solution Used. 

Polarization. Benedict reduction. Hagedorn-Jensen. 
per cent per et per cent 
0.99 1.00 
0.99 | 
0.98 1.00 | 
0.99 1.00 | 
0.995 0.99 0.98 
1.00 0.99 0.98 


Two reduction methods were used: (1) the Hagedorn-Jensen 
method (9) as employed by Lundsgaard and Holbgll, and (2) the 
Benedict quantitative copper reduction method. The latter 
was carried out in a test-tube using 10 ec. of Benedict’s quantita- 
tive copper solution. The results obtained on a standard 1 per 
cent glucose solution are given in Table I. 

Through the courtesy of Dr. Nelson of Columbia University 
our polariscope was checked against his instrument, using mercury 
vapor lamp and bath at constant temperature. The results ob- 
tained did not vary by more than | per cent on a 1 per cent glucose 
solution. The glucose used for the experiment was prepared 
according to the method of Hudson and Dale (10). Solutions of 
varying strengths (3, 4, 6 per cent) were used for different experi- 
ments. The glucose was dissolved in 0.9 per cent NaCl solution 
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and allowed to stand overnight at room temperature to establish 
constancy in the polariscopic readings. 

The insulin used was obtained from Eli Lilly and Company, 
and contained approximately 40 units to the ec. with about 0.02 
per cent of tricresol. Since 1 ec. of insulin was added to 50 ce. 
of solution, the final concentration of tricresol was only about 
0.0004 per cent. In the experiments in which the Hagedorn- 
Jensen method was used, we tried to remove as much of the tricre- 
sol as possible by precipHating the insulin with N/100 NaOH and 
then redissolving it in distilled water with n/100 HCl. (The 
latter was added drop by drop until all the insulin was redissolved. ) 
The insulin procured for this latter group of experiments contained 
440 units to the cc. and 0.2 per cent tricresol. 1 cc. of this was 
precipitated as above and then diluted up to 10 ee., so that 1 ce. 
of the solution contained approximately 44 units. 


DISCUSSION. 


In Column D of Table II we have calculated the percentage 
differences between the values for glucose found by the reduction 
and polariscopic methods. From those it is readily seen that in 
some of the experiments the differences obtained fall well within 
the range of experimental error. These findings are in harmony 
with those recently reported by Barbour (11). 

In other experiments the differences obtained were in the oppo- 
site direction to those obtained by Lundsgaard and Holbgll; 
that is, the values calculated from optical rotation were greater 
than those due to reduction. Whatever differences were obtained, 
they were not appreciably greater with insulin than without. 

We were therefore unable to corroborate the findings of Lunds- 
gaard and Holbgll. 


SUMMARY. 


The work of Lundsgaard and Holbell in which they showed that 
the addition of insulin to a sugar solution containing muscle tissue 
causes the appearance of a difference between the polariscopic and 
reduction method for sugar determination in the dialysates was 
repeated. Their findings could not be corroborated. 


11. 
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PHOSPHATE METABOLISM AS RELATED TO ANESTHESIA. 


By ADOLPH BOLLIGER. 
(From the Laboratories of the Henry Ford Hospital, Detroit.) 


(Received for publication, June 1, 1926.) 


During the course of an investigation into the relation of car- 
bohydrate and phosphate metabolism during the sugar tolerance 
test (1, 2) the inorganic blood phosphate curves were vitiated by 
the fact that general anesthesia alone was found to depress the 
blood phosphates. Further it was found that the depression 
started simultaneously with the administration of the anesthetic. 
These phosphate curves are not in agreement with the separate 
determinations made by Martland and Robison (3) on rabbits, and 
by Potter (4) in five of seven surgical cases, which showed the 
blood phosphates increased during the period of anesthesia. 
Stehle and Bourne (5) in their work on anesthesia found the blood 
phosphates sometimes increased and suggested that the low alkali 
reserve and increased acidity of the blood in ether anesthesia are 
due to a discharge of phosphoric acid from the muscles. 

With the necessity of finding an anesthetic with which to carry 
on our work and in an attempt to explain the discrepancy in our 
observations as contrasted with the other researches mentioned, 
three groups of experiments were carried out as follows: 

1. Phosphate metabolism during and after a rather light un- 
complicated anesthesia of ether, ethylene gas, chloroform, ure- 
thane, chloretone, and after atropine and morphine ad- 
ministration. 

2. Phosphate metabolism during prolonged, deep anesthesia, 
anesthesia associated with asphyxia, excessive muscular activity, 
and shock produced in various ways. 

3. Phosphate metabolism during anesthesia in nephritie and 
diabetic dogs. 


Methods. 


Ether anesthesia was induced in a specially constructed cage, to 
avoid as far as possible fear, excitement, and struggling on the part 
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722 Phosphate Metabolism and Anesthesia 


of the animal. After induction the anesthesia was continued by 
the open cone method. 

Inorganic phosphates of the blood plasma and of the urine had 
been determined by the method of Benedict and Theis (6). For 
blood sugar determinations Folin and Wu (7) were followed. 
The plasma CO, capacity was measured on the Van Slyke (8) gas 
analysis apparatus. 


EXPERIMENTAL. 


I. Phosphate Metabolism during and after Uncomplicated Ether 
Anesthesia. 


Chart 1 represents a fasting dog weighing 16 kilos kept well 
relaxed for a 1 hour period with ether. I'rom a level of 4 mg. the 
inorganic blood phosphates fell to 2.6 mg. at the end of the hour, 
and | hour after stopping the ether they had reached the low level 
of 1.0mg. The recovery of the animal was rapid and uneventful 
but the blood phosphates did not return to the fasting level for 
nearly 4 hours. The inorganic phosphate excretion was consistent 
with the blood phosphate curve. During ether administration 
the excretion of phosphates decreased, but during the Ist hour of 
the recovery period only 4 mg. were produced and in the 2nd hour 
of recovery the excretion fell to 0.3 mg., and continued at this low 
level of practically zero for another hour. Beginning with the 
5th hour after administration, or 4th recovery hour the phosphates 
appeared in the urine in increasing amounts. 

Chart 2 typifies a group of experiments with ethylene gas and 
oxygen anesthesia. Administration was continued for 30 minutes, 
and as soon as the gas was stopped the animal awoke. The curves 
are essentially the same as with 1 hour of ether, except that the 
fall in blood phosphates is more precipitate. 

_Chloroform, urethane, and chloretone gave similar changes in 
the inorganic blood and urine phosphates. 

Attention is called to the fact that, as a rule, the curve of in- 
organic blood phosphates during uncomplicated anesthesia re- 
sembles the curve after glucose, and especially that after epineph- 
rine administration. 

The two common adjuncts of anesthesia, morphine and atropine, 
were found to affect the phosphate metabolism in themselves, 
morphine lowering the blood phosphate level for periods of 1 to 2 
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hours with later elevation above the starting level for many hours. 
Atropine produces a slight elevation in blood phosphates, begin- 
ning soon after injection. 
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Cuartl. Ether anesthesia, 1 hour duration. 
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Cuart2. Ethylene anesthesia, 30 minutes duration. 


Chart 3 shows a dog of 16 kilos receiving 1 grain of morphine 
subcutaneously. Starting with 4.4 mg. at the time of the injec- 
tion, the blood phosphates decreased to 3.3 after 1 hour, then in- 
creased gradually to 6 mg. at the end of 6 hours, then dropped 
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again to normal. The phosphate excretion was in accordance 
with the inorganic blood phosphorus curve. 

| Chart 4 represents a dog of 21 kilos receiving ? grain of morphine 
sulfate, and 1 hour later ether for 30 minutes. There was a fall 
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Cuart 3. Dog, weight 16 kilos, given 1 grain of morphine sulfate sub- 
cutaneously. 
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Cuart4. Dog, weight 21 kilos, given { grain of morphine sulfate 1 hour 
before start of 30 minutes of ether anesthesia. 


of inorganic blood phosphates after the morphine from 4.5 to 4 
mg. then, under the smooth ether administration, the level rose 
to 4.8 mg. During recovery there was a second drop to 3.5 mg. 
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in 1 hour. During the subsequent 3 hours there was a steady in- 
crease to 6.8 mg. The depressions in the inorganic blood phos- 
phates were not outspoken enough to affect the phosphate excre- 
tion in the urine. With increase in the blood phosphates the 
excretion in the urine rose also. 
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Cuartd. Very deep ether anesthesia, 2 hours duration, 


II, Phosphate Metabolism during Prolonged Deep Anesthesia, _— 
thesia Associated with Asphyxia, Excessive Muscular j 
and Shock Produced in Various Ways. 


This group of experiments includes the complicating factors 
mentioned, which often arise in routine anesthesia. Haldane (9) 
has shown that pure asphyxia and excessive muscular exercise 
increase the inorganic blood phosphates. In our work it was 
observed that the animals which did not survive the anesthesia for 
one or another reason showed increased inorganic blood phosphates 
shortly after death. 
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Chart 5 illustrates a group of experiments in which the anes- 
thesia period was greatly prolonged, and often complicated by 
asphyxia. During a 2 hour ether administration the anesthetic 
was pushed to the extent of the animal’s tolerance. The inorganic 
phosphates of the blood rose from 5 to 8 mg. in this time. In the 
recovery period the phosphates fell so that at the end of 1 hour and 
20 minutes they reached 3.3 mg. At the end of 4 hours there was 
a secondary rise in the blood phosphate level up to 6 mg. Even 
with the increasing blood phosphates, the excretion in the urine is 
four times the average for a similar period. Discontinuation of 
the anesthetic is marked by a sharp decrease in the excretion, and 
in the 5th hour it reaches zero, with an increase in the 7th and 8th 
hours. 


III. Phosphate Metabolism during Anesthesia in Nephritic and 
Diabetic Dogs. 


Chart 6 represents a nephritic dog, the nephritis of the chronic 
interstitial type having been produced by x-ray. The last x-ray 
treatments were given 4 months previously and the urea nitrogen 
of the blood was 60 mg. per 100 ec.; non-protein nitrogen 90 mg.; 
and the phenolsulfophthalein excretion 38 per cent. This animal 
required comparatively only a small amount of ether to induce and 
maintain anesthesia. The findings for inorganic phosphates of the 
blood and urine during 1 hour of anesthesia and a recovery period 
of 3 hours were the same asin normal animals. There wasa drop 
from 4.4 mg. of inorganic blood phosphates to 3.1 mg. at the end 
of the Ist hour of anesthesia. The recovery was slow but unevent- 
ful, and 1 hour after discontinuation of the anesthetic the blood 
phosphates reached the low level of 2.1 mg. per 100 ce. of blood. 
After 3 hours of recovery the inorganic blood phosphates were 
found again at the fasting level. The marked increase above fast- 
ing, 5.60 mg., and the long duration of this increase are typical for 
the nephritic animal. The urine phosphates illustrate the same 
condition. According to the COs capacity of the blood there was 
no acidosis to start with. The depression in the CO, capacity was, 
at its lowest point, 27 per cent. The low CO. capacity remained 
for 4 hours. 

Charts 7 and 8 illustrate the experiments with depancreatized 
dogs. The animal as represented in Chart 7 was kept without 
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Cuart6. Ether anesthesia, 1 hour duration, on dog with experimental 
nephritis. 
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Cuarr 7. Pancreatectomized dog. Ether anesthesia, 1 hour duration. 
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insulin for 3 days, and was in good condition. At the beginning 
of the ether administration the blood sugar was 308 mg., the CO. 
capacity 41 per cent, and phosphates 6.4 mg. At the end of an 
hour’s anesthesia the blood sugar was 397 mg., CO». capacity 25 
per cent, and blood phosphates 6.8 mg. At the end of a 1 hour 
recovery period the blood sugar was 420 mg., CO, capacity 28 
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Cuart 8. Pancreatectomized dog. I:ther anesthesia, 1 hour duration. 
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per cent, and blood phosphates 6.7 mg. From this point the CO. 
capacity rose gradually, and the blood sugar fell to 280 at the end 
of 7 hours, but the blood phosphates remained at about the same 
level throughout the experiment, and in this respect the curve 
resembles that seen after glucose and epinephrine administration 
in the depancreatized animal. 
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Chart 8 illustrates a similar condition to that in Chart 7. The 
blood sugar level was only 177 mg. at the beginning of the experi- 
ment and the CO, capacity was 27 per cent, indicating some aci- 
dosis. The blood phosphates also remained at about the same 
level throughout the whole experiment, irrespective of the marked 
fluctuation in the sugar content and the carbon dioxide capacity 
of the blood. 


DISCUSSION. 


Anesthesia has been subdivided into anesthesia without com- 
plications and anesthesia with complications for the purposes of 
study. Some difficulties were experienced in making deductions 
from the course of the inorganic phosphate metabolism during an 
experiment due to the individual variation of each animal. How- 
ever, typical light anesthesia or an outspoken overdose of anes- 
thesia invariably gave correspondingly typical changes in this 
series of experiments. Heyer and Grote (10) pointed out that 
there is a psychic element which influences greatly the phosphate 
excretion. Phosphate excretion is greatly increased in fear, 
anxiety, and depression. These points may be an important factor 
in experimental work, especially on human beings, and may ex- 
plain principally the discrepancies in the observations on the 
subject by different authors. It may be noted also in these ex- 
periments that the phosphate excretion in the urine shows some 
irregularities besides the general trend as stated previously. Other 
factors influence the phosphate excretion as pointed out by Hal- 
dane, Wigglesworth, and Woodrow (9) and Gamble, Ross, and 
Tisdall (11) but, despite these influences, the course of the phos- 
phate metabolism under anesthesia is typical as brought out in 
the inorganic blood phosphate determinations sustained by the 
alterations in the phosphate excretion of the urine. Attention is 
ealled especially to the lowered blood phosphates in the recovery 
period associated with the complete suppression of phosphate 
excretion. In none of these experiments was anuria or oliguria 
encountered to interfere with phosphate excretion and in the 
recovery period a marked polyuria occurred. 

As mentioned, the inorganic phosphates have been considered 
the cause of the increased acidity of the blood during anesthesia. 
This in part may still hold true in anesthesias with increased blood 
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phosphates, but after it had been demonstrated that usually the 
inorganic phosphates fall at the same time that the lowering of the 
CQO. capacity and pH of the blood is noticed, the evidence for a 
relationship between inorganic blood phosphates and the acid-base 
alterations in anesthesia becomes less convincing. ‘The experi- 
ments on depancreatectomized dogs suggest rather a relation 
between inorganic phosphate metabolism and _ carbohydrate 
metabolism. Indeed it seems that the changes in blood and urine 
phosphates are, in a large measure at least, secondary to the 
changes in the blood sugar level produced by and well identified 
with general anesthesia. The curve of inorganic phosphates 
during anesthesia, both in normal and depancreatized animals, 
resembles that seen after glucose, and more typically after epine- 
phrine administration. 


SUMMARY. 


1. ther, chloroform, and ethylene gas and oxygen anesthesia, 
well administered and uncomplicated, depress the inorganic blood 
phosphates. 

2. Morphine and atropine mask effects of anesthesia upon 
metabolism because they themselves produce changes. 

3. The early recovery period from anesthesia is marked by blood 
phosphates well below the fasting level, and the excretion of phos- 
phates is low or ceases altogether. | 

4. Complications such as asphyxia, excessive muscular exertion, 
or morphine may mask or reverse the trend of phosphate 
metabolism. 

5. The depression of the blood phosphates occurring with 
lowered COs» capacity and pH shows there is no relation between 
the increased acidity and the phosphate content of the blood. 

6. The absence of variation in the inorganic blood phosphate 
curve during anesthesia in the depancreatized dog, however, sug- 
gests the close relation with carbohydrate metabolism. 


The writer wishes to thank Dr. F. W. Hartman for his helpful 
advice and criticism. 
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COLLOIDAL PROPERTIES OF THE SURFACE OF THE 
LIVING CELL. 


II. ELECTRIC CONDUCTIVITY AND CAPACITY OF BLOOD TO 
ALTERNATING CURRENTS OF LONG DURATION AND 
VARYING IN FREQUENCY FROM 260 TO 2,000,000 
CYCLES PER SECOND.* 


By J. F. McCLENDON. 
Wirn THE TECHNICAL ASSISTANCE OF R. Rure, J. BARTON, AND F. FETTER. 


(From the Laboratory of Physiological Chemistry, University of Minnesota, 
Minneapolis.) 


(Received for publication, June 14, 1926.) 


As indicated in the first paper of this series, beef blood corpuscles 
tend to become oriented by electric currents with the short axis 
perpendicular to the current lines. In the experiments recorded 
in this paper, the currents were allowed to flow long enough to 
obtain such orientation that an equilibrium had apparently been 
reached. In the third paper of the series, instantaneous measure- 
ments made immediately after stirring will be described. 


It was observed by the author! that the electric conductivity of a pre- 
cipitated mass of sea urchin eggs increased on being fertilized or stimulated 
by parthenogenetic agents. K:very precaution was made to maintain the 
shape, size, and content of the spaces between the eggs constant and the 
methods were fully described and figured.? Errors due to settling as im- 
plied by Brooks’ were absolutely excluded. The author also showed that 
the electric conductivity of striated muscle increases on contraction. 
These two observations were elaborated in two lectures given by the author 


* The wave meter used in this work was bought with the aid of a grant 
from the American Medical Association. 

1 McClendon, J. F., Science, 1910, xxxii, 122; Am. J. Physiol., 1910, xxvii, 
250. 

2 McClendon, J. F’., Carnegie Institution of Washington, Pub. No. 183, 
1914, 126, figures 1 and 2. 

3 Brooks, 8S. C., J. Gen. Physiol., 1924-25, vii, 349. 

4 McClendon, J. l., Am. J. Phystol., 1912, xxix, 302. 
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in 1911° at the Marine Biological Laboratory at Woods Hole, Mass. Oster- 
hout® in the same laboratory, began similar measurements on kelp which 
he has recently compiled in book form. The author attempted to increase 
the conductivity of kelp by electric stimulation without success. Waller? 
who had shown that increased conductivity of plant tissues occurs at the 
time of the “‘blaze current,’’ observed that land or fresh water plants may 
show blaze currents but marine plants do not show them. In 1919 the 
author® reported before the American Society of Biological Chemists that 
the ‘“‘parallel capacity” of a conductivity cell filled with blood was greater 
than that when filled with distilled water. Values of the parallel capacity 
were given in microfarads in the published abstract. Such measurements 
have been greatly extended by Fricke and Morse® who define parallel 
capacity of tissues as though the tissue were a resistance in parallel with a 
capacity. In later measurements the author!® balanced out the capacity 
by an inductance placed in series with the conductivity vessel using cur- 
rents of frequencies of 60 to 500,000 cycles per second. This technique was 
greatly improved and it was shown that the impedance of erythrocytes at 
1000 cycles is 5 to 8 times as great as at 1,000,000 cycles." 


EXPERIMENTAL. 


The apparatus used in the conductivity measurements with 
high frequency electric currents has been completely rebuilt five 
times in the last 6 years. In these experiments the low frequency 
currents were derived from a Vreeland oscillator of the panel type 
whose frequency could be varied from 260 to 10,000 cycles per 
second by varying the capacity of the condenser (although in the 
final form of the high frequency oscillator low frequency may also 
be obtained by substituting larger values of inductance and 
capacity). It is well known that high frequency generators 
exhibit harmonies. An oscillogram which we made of the output 
of one of the two Vreeland oscillators used in this work showed no 
harmonics. In any case, harmonics are of low energy value 
and probably do not vitiate the measurements in any appreciable 

McClendon, J. F., Biol. Bull., 1912, xxii, 133, 155. 

6 Osterhout, W. J. V., Injury, recovery and death in relation to conduc- 
tivity and permeability, Philadelphia, 1922. ' 

7 Waller, A. D., J. Linnean Soc., (Bot.), 1904, xxxviii, 32. 

McClendon, J. J. Biol. Chem., 1920, xli, p. 

9 Fricke, H., Physic. Rev., 1924, xxv, 575; 1925, xxvi, 682; J. Gen. Physiol., 
1924, vi, 375. Fricke, H., and Morse, 8., J. Gen. Physiol., 1925, ix, 137. 

MeClendon, J. J. Biol. Chem., 1920, xiii, 317. 

1 NeClendon, J. I’., Science, 1924, Ix, 204; Proc. Am. Soc. Biol. Chem., 
1925, 7; J. Biol. Chem., 1926, xvii, p. vil. 
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degree. They certainly do not in the telephone work as they are 
too low in energy content to be heard in the telephone in the 
particular apparatus which we used. The Vreeland oscillator 
was placed 10 meters from the conductivity apparatus in order to 
get away from radiation from the oscillator itself. The high 
frequency Wheatstone bridge used in most of the determinations 
is shown schematically in Fig. 1 except for the fact that all con- 
ductors were shielded with metal shields placed about 4 inches 


from them and the detector system was inductively connected 
to the bridge. Two arms of the bridge contained conductivity 
vessels exactly alike. The general form of the conductivity vessel 
is shown In J‘ig. 2 and consisted of two parallel gold dises in a Pyrex 
glass vessel with vertical intake and output tubes, which could be 
used for filling the vessel and also for stirring up the blood by at- 
taching a bulb to one of the tubes and alternately pressing and 
releasing it. The gold dises were fused to platinum wires which 


4 


| 
| | 
| 
\ | 
4 
| 
| Fig. 1. 
| 
‘ 
| 
' if 
Z 
| f- 
| 
| 
| ZA, 
| y 
| jo 
| te 
‘4 
| 2. 
| 
| 
| 
| 
| 
| 


736 Colloidal Properties of Living Cell. II 


were fused through the glass. In the electrode in Fig. 2 there were 
glass tubes for filling with mercury for connecting the copper wires. 
These tubes were placed as nearly horizontal as possible without 
spilling the mercury. In some of the experiments this vessel was 
immersed in an oil bath, but in later ones, an air bath was used and 
the mercury dispensed with and the copper wires attached directly 
to the platinum wires (Fig. 3). The electrodes were made exactly 
alike by cutting out the gold discs with a die, fusing on the plati- 
num wires in the exact center, and then separating the dises by 
means of a sheet of thin copper measured and cut accurately. 
This copper sheet was kept perpendicular to the plates by being 
folded in a zigzag manner and acted as a spacer. It was run 
through a gauge to verify the accuracy of the spacing. The plates 


Fra. 3. 


were then bound together with fine copper wires and remained 
bound while they were being sealed into the Pyrex glass vessel. 
The vessel was then filled with nitric acid which dissolved the cop- 
per, leaving the gold plates accurately spaced. The electrodes most 
used were made of gold'dises 25 mm. in diameter and 10 mm. 
apart. They were calibrated with 0.1 N KCl solution to verify 
the fact that they had the same cell constants. The bridge shown. 
in Fig. 1 has equal resistances in the two conductivity vessels if 
filled with an electrolyte of the same concentration in each. The 
other two arms (ratio arms) of the bridge were made of a platinum 
slide wire 1000 mm. long. 4 inches below the slide wire was a 
mercury trough electrically attached to the shielding. The 
sliding contact dipped into the mercury trough and the return 
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current was through the shield. For low frequency determinations 
a telephone was connected by means of a transformer to the two 
ends of the slide wire. <A very sensitive head set used in radio 
work was employed. For high frequency determinations de- 


Ft 


Ira. 6. 


scribed in this paper a toroidal transformer was used and the 
telephone was replaced by a erystal detector and a high sensitivity 
galvanometer made by Leeds and Northrup. A by-pass condenser 
of 0.005 microfarads was used and a variable damping resistance 
was connected across the galvanometer to protect it until an ap- 
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proximate null point was obtained. The oscillator, all of the 
connecting wires to the bridge, all parts of the bridge, the wires 
to the ervstal detector, the ervstal, the by-pass condenser, the 
damping resistanee, and the galvanometer were inclosed in 
separate shields, all soldered together. The final form of condue- 
tivity apparatus shown in lig. 4 is essentially the same as the pre- 
vious form used, but Fig. 4 does not show the ervstal and galvan- 
ometer but shows the heterodyne receiver used in experiments to be 
reported in Paper IL] of the series. The oscillator is of the Hartley 
(inductance feed-back) type (Fig. 5). There were 100 volts on the 
plate and S volts on the filament of the electron tube. There 
Was a milliammeter in the grid cireuit and one in the plate circuit. 
The frequeney was determined by means of a precision wave 
meter (General Radio Company). The condenser of the oscillat- 
ing circuit is variable except for low frequencies in which a fixed 
condenser is substituted. The inductance for high trequenev is a 
doughnut or torus coil shown in big. 6. In Fig. 6 the secondary or 
output is interspaced between the primary windings, but this was 
found to be troublesome as it could not be shielded and was close- 
coupling and in the final form the secondary (not shown in Fig. 5) 
Was put inside of the primary and shielded by Leing wrapped with 
insulated copper wire connected to the ground, thus shielding the 
primary from the secondary circuit. One end of the secondary or 
output circuit was connected to the grounded copper box surround- 
ing the cseillator and the other passed through a sulfur plug in a 
hole in the box. The hole led into a 4 inch copper pipe, 1 m. 
long, Which acted as a shield for the line connecting with the 
bridge. In this copper pipe was placed an output meter or thermo- 
galvanometer. This copper pipe was separated, except in three 
places, from the copper constant temperature box containing 
the conductivity cells by means of a cork plate, and the constant 
temperature box was surrounded by felt insulation 2 inches thick. 
The wire from the output of the oscillator passing through the 
copper pipe entered the constant temperature box through a sulfur 
plug and branched, connecting with the two copper boxes contain- 
ing the conductivity cells. One electrode of the conductivity 
cell was “‘grounded”’ to this cell box and the other passed through a 
sulfur plug and then out of the constant temperature section by 
another sulfur plug through the 2 inch felt insulation into the 
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inductance section which contained a series of doughnut coils 
shown in Fig. 7. From the inductance section the copper wire 
passed through another sulfur plug into a narrow shielded chamber 
where it branched, one branch going into the output section and 
the other into the ratio arm section and connecting with the thous- 
and mm. slide wire (ratio arms). The sliding contact connecting 
this wire with the mercury trough below was moved by means of 
silk fishing line passed through a small hole in each end of the 
copper shield. 


Fic. 7. 


Although each section could be opened by a hinged cover, it 
was not necessary to open any section during the measurement. 
After the measurement was made, the ratio arm section could be 
opened to read the scale on the slide wire. The constant tempera- 
ture section contained a small (Polar Cub) eleetrie fan and an 
electric lamp for heating and a Westinghouse bimetallic tem- 
perature regulator (placed in front of the fan) and mounted to 
reduce vibrations on a rubber support mounted on a paraffin base 
which was in turn mounted on 2 inch felt. Wires from the tem- 
perature regulator passed outside the box to a 600 ohm polar relay 
operated by a dry cell, which controlled the 110 volt heating eur- 
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rent. During the final adjustment of the measurement, all wires 
to the fan, lamps, and temperature regulator were disconnected 
and grounded by a multiple pole, double throw switch. 

The use of an electrolytic conductivity cell as a standard resist- 
ance was decided on after many trials owing to the fact that it 
could be varied by changing the concentration of the XC] solution 
in it without introducing inductance (although the capacity 
changed slightly)! The gold plates were platinized both in the 
standard cell and in the cell used to be filled with blood in order to 
reduce the capacity reactance to a negligible value. In many 
of the measurements at frequencies up to 50,000 eyeles per second, 


Fic. 8. 


a capacity bridge made by the General Radio Company and a 
decade Wheatstone bridge made by the same company, were 
used. It was found impossible to interpret any measurements 
made by either of these instruments with frequencies as high as a 
million eveles per second. 

In order to determine the conductivity and capacity reactance 
of the blood cells themselves without the complication of the 


2 The conductivity cell acts as a resistance in series with a capacity. 
The metal acts as one plate and the excess ions of opposite sign the other. 
The fact that the capacity increases with KC! concentration is in harmony 
with Burton.'? 
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parallel cireuit represented by the serum, a special conductivity 
cell was used in connection with the hematoerit. At first a hema- 
tocrit driven by a belt from a high powered electric motor was 
used but the vibration was so disturbing that the hematoerit was 
connected directly to the shaft of a type © Dumore motor made by 
the Wiseonsin Electric Company, Raeine (Fig. 8S). This motor 
had a speed of 15,000 revolutions per minute when idling in air 
but witha hematocrit attached (in a shield to prevent air currents) 
the speed was cut down to SCOO revolutions per minute. By 
using a higher powered }umore motor no increase in speed was 
obtained, so the small motor with hematoerit attached was 
placed in a large vacuum desiccator and the air exhausted. The 
speed then inereased to about 20,000 revolutions per minute. At 
this speed, about 20 minutes were necessary to precipitate the 
blood so that the corpuscle mass looked translucent. Hematoerit 
tubes were 3 mm. bore, 50 mm. long, and closed at one end by 
fusing the glass. A precipitate of blood corpuscles taken from 
another centrifuge was placed in the hematoerit tubes and pre- 
cipitated to translucence. A drop of paraffin oil on the top aided 
in measuring the height of the column with a micrometer caliper 
so that the cell volume of the original precipitate could be deter- 
mined. The hematocrit tube was removed from the hematocrit 
and its open end below the surface of the corpuscle mass cut off 
by means of a very high speed, sharp emery wheel and immediately 
covered with a piece of cellophane, which was tied on. The tube 
was then shoved through the hole in a rubber dise and the closed 
end cut off by means of the emery wheel, thus securing a capillary 
tube completely filled with a mass of corpuscles containing no 
deteetable serum. This tube was immediately clamped between 
two glass vessels filled with agar gel made up with L per cent 
NaCl] solution and containing platinized gold plates as in the pre- 
vious type of conductivity cell. The resistanee of this agar was 
so low in comparison with the resistance of the corpuscles in the 
‘capillary as to be negligible. The resistance and reactance of the 
corpuscles were determined on the Ceneral Radio Company 
capacity bridge using additional resistances of platinum films on 
mica. Then they were emptied out and the capillary filled with 
serum and a new determination made, and that was emptied out 
and the bore and length of the capillary accurately measured in 
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order to reduce the resistance to specific resistance and reactance 
to specific reactance. 

Since the resistance of the blood corpuscles in the capillary tube 
is very high even when the tube is cut as short as practicable, the 
sensitivity of the telephones was too low for accurate readings. 
This difficulty was obviated by placing a Western Electric low 
impedance 2 stage amplifier in the detector circuit. Even then 
the range of frequencies was limited; and hence the sensitivity 
of the ear of the operator was measured by means of an audibility 
meter using the same amount of resistance in the circuit at all 
frequencies of the Vreeland oscillator. The following table shows 


the result. 


Frequency. Relative audibility. Frequency. Relative audibility. 
245 4 S10 SOOO 
285 6 1525 SOOO 
360 6 1650 8000 
520 20 1900 450 
540 20 2100 155 
575 20 2300 70 
615 25 2600 40 
660 45 3000 40 
725 S000 3700 40 


The above table shows that the most sensitive range of the ear 
of the operator was between frequencies of 725 and 1650 vibrations 
(cycles) per second. 

At first it was boped that the resistance and reactance of the 
blood cell might be represented as in Fig. 9 which is a diagram 
of two blood cells pressed between two platinized electrodes. As 
interpreted below, the two resistances represent the cell interiors; 
and of the three condensers, the middle one represents the two cell 
surfaces in mutual contact and the end ones, the cell surfaces in 
contact with the metal electrodes. In this case the impedance, 
Z= VX? 4+ Rk: where R is the resistance in ohms and X the 


reactance. .\ = — a7 where 7 = 3.1416, f is the frequency in 


cycles per second, and C the capacity in farads. It was found, 
however, that this simple interpretation would not explain the 
results obtained, which could only be explained by assuming the 


| 
i 


744 Colloidal Properties of Living Cell. II 


condensers to be leaky; in other words, there was a parallel cir- 
cuit containing resistance but not reactance, as shown in Fig. 10, 
in which the capacity C represents the resistance of the cell sur- 
face to the passage of ions and the resistance Rez represents the 
resistance of the cell interior. The behavior of such a system is 
shown by the following measurements on a circuit as shown in 
Fig. 10 with the addition of an inductance L to reduce it to res- 
onance, made up of a condenser, and resistances (of the Ayrton- 
Perry type of winding which show extremely low inductance and 
fairly low distributed capacity). The impedance Z of such a 
model of the cell was measured in ohms and the inductance L 
which would reduce the circuit to resonance, as shown in Table I. 
In assuming the capacity and resistances to be at their face value, 
the impedance and inductance were calculated, using the method 
given in Magnuson.'* The experimental values approximate the 
calculated ones but are not exactly the same. ‘This is probably 


} z=Vx7+ Re 
i 
lia. 9. Kia. 10. 


due to the distributed capacity of the resistances and the induc- 
tance of the connecting wires. We may assume the calculated 
values to be the correct ones. The experimental values are shown 
in Table I. 

It is observed that with C = 2.8 to 3, Lisa maximum, but that 
Z increases as C decreases. On the other hand, as A; decreases 
both L and Z decrease. 

Table II shows that as f decreases, Z and L increase. 

The blood cells behaved similar to circuits shown in Fig. 10 with 
values as shown in Tables III to V (calculated values). 

In the first column of Table VI is given the specific impedance 
in ohms of closely packed erythrocytes. Some variation might be 
expected due to errors in measurement of the diameters or lengths 
of the tubes, but the large variations must be due to other causes, 


13 Magnuson, C, I*., Alternating currents, New York, 2nd edition, 1921. 
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probably injury to the cell surface, thus lessening the impedance. 
This view-point is supported by the fact that the variations become 
very small after hemolysis. In one case (D.C.) the cells were laked 


TABLE I. 
f c Ri Ro Z L 
Mf ohms ohms ohms M.A 
1000 40 50 53.6 54.3 0.65 
1000 30 50 53.6 54.6 0.72 
1000 20 o0 53.6 05.3 0.95 
1000 10 50 53.6 59.0 1.90 
1000 5 a0 53.6 68.5 3.00 
1000 4 50 53.6 73.4 3.25 
1600 3 50 53.6 80.5 3.40 
1000 (3 30 53.6 76.2 1.5) 
1000 (3 20 53.6 71.0 0.8) 
1000 2.8 50 53.6 S1.4 3.40 
1000 1.0 50 53.6 97.0 1.85 
1000 0.5 o0 53.6 102.4 0.85 
Mf. = microfarad; MMf. = micromicrofarad; M.H. = millihenry. 
TABLE II. 
f C Ri R2 Z L 
Mf. ohms ohms 
4000 1 50 203.6 223.7 0.75 
2000 1 50 203.6 238.2 1.3 
1000 1 50 203.6 248.3 2.0 
500 1 50 203.6 251.8 2.0 
300 1 50 203.6 252.6 2.0 
TABLE III. 
f Cc Ri Ro Z L 
MMf. ohms ohms ohms M.H. 
500 1430 630 105 733.9 0.56 
1,000 1430 630 105 733.8 0.56 
1,000 , 000 1430 630 105 124.11 0.017 


by passing a 110 volt direct current through the electrode vessel 
for 20 minutes, reversing the direction of the current every 
minute. After the resistance was measured, the laked mass was 
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mixed with serum and observed under the microscope. Laking was 
not complete. In the other cases (saponin) the tube was opened 
at one end, saponin stirred into it with a needle, the air bubbles 
removed by means of the centrifuge and the tube closed and the 
resistance measured. Microscopic examination showed hemolysis 


TABLE IV. 

f C Ri R. Z L 

MMf. ohms ohms ohms M.H 

500 1500 775 100 874.4 0.900 

1,000 1500 779 100 $74.3 0.900 

1 ,000 , 000 1500 7io0 100 114.3 0.017 
TABLE V. 

f Ri Re Z L 

MMf. ohms ohms ohms M.H. 

500 1500 675 200 $74.5 0.68 

1 ,000 1500 675 200 874.3 0.68 

1,000, 000 1500 675 200 216.3 0.0165 
TABLE VI. 
Z on 

Z cells. Z laked. L celle. 

ohms ohms ohms M.H. 

708.2 | 70.3 10.1 0. 54 

714.2 | 62.4 11.5 |174.4D.C. 4.10 0.57 

854.6 | 71.8 11.9 |196.0Saponin. 4.36 1.07 

892.8 | 69.2 12.9 |212.8 ” 4.20 0.76 

914.4 | 81.5 1219.1] 4.17 0.79 

1002.9 | 66.4 15.1 1202.3 4.96 1.19 

1049.1 | 63.7 16.5 1.31 

Average...... 880.3 | 69.3 | 12.7 | 200.9 4.36 0.89 


to be complete. The impedance of the intact cells was found to be 
4 to 5 times as great as that of the hemolyzed cells with an average 
of 4.36. The impedance of the intact cells was found to be 10 
to 17 times as great as that of the serum, with an average of 12.7. 
In the model given in Table III (and Fig. 10) the impedance at 
1000 cycles is 5.9 times as great as it is at 1,000,000 cycles, and in 
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the model shown in Table IV the impedance at 1000 cycles is 
7.67 times as great as it is at 1,000,000 cycles, whereas in the model 
shown in Table V this ratio is 4. In some experiments on beef 
blood similar to those recorded in Table VI but in which both 1000 
and 1,000,000 cycles per second were used the impedance at 1000 
cycles was from 4 to 10 times as great as that at 1,000,000 cycles. 
These measurements will be extended in Paper III of this series. 

Rough values of specific impedance Z and inductance for 1 
em. cube of blood cells packed in the hematocrit tube, together 
with specific impedance of serum and laked cells at 1000 cycles 
per second, are given in Table VI of measurements made on the 
eapacity bridge (General Radio Company). The temperature 
was constant for each horizontal line but was close to 25° in differ- 
ent experments. 

The measurements in Table VII are shown graphically in Fig. 
11. ‘The resistance of blood at 1000 cycles does not follow any 
known formula. Fricke’s formula, assuming the corpuscle to be 
an oblate spheroid with ratio of axes = 4 and specific resistance of 
the corpuscle as 7 times that of the serum, was plotted by Mr. 
Fetter. It crosses our experimental curve for 1000 cycles per 
second. ‘The curve for 1,000,000 cycles per second seems to be 
widely divergent from any ecaleulated by proposed formulas. 

In Table VII, graphed in Fig. 11, the specific resistance of the 
serum varies from 77 to 88 ohms, whereas in Table VI it varies 
from 62.4 to81.50hms. The valuesin Table VII are probably the 
most reliable as the cell constant was determined by measuring 
the resistance of 0.1 N KCl solution in it. In reducing the re- 
sistances used in making Table VI to specific resistances the cell 
constant was determined in each experiment by measuring the 
length and bore of the capillary by means of a micrometer caliper. 


The measurements of bore were probably not as accurate as could 

be desired. The values for Z.:Z, and 2 — are better because 
Z \aked 

the same cell was used with serum, cells, and laked cells and the 

cell constant was not used in the calculation. 

In Table VII and Fig. 12 the ratio of the impedance at 1000 
cycles to that at 1,000,000 is indistinguishable from unity up to a 
cell volume of about 25 per cent; then it increases at first slowly, 
then rapidly, reaching the value 4 at 96.8 per cent and reaching a 
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TABLE VII. 
Specific Values of Impedance of Beef Blood at 25°. 
Cell volume. 000 
Z serum. | Z blood. Zp:Zs Z blood. Zb:Zs 
per cent 
100.0 4 to 10 
96.8 79 1994 25.0 500 6.3 4.0 
96.6 83 1650 19.0 476 5.7 3.5 
96.2 81 1426 17.6 434 5.4 3.3 
95.8 79 1492 18.8 
95.2 83 1320 16.0 524 6.4 2.5 
94.2 82 1558 19.0 O45 6.7 2.8 
94.2 83 1230 15.0 451 5.5 2.¢ 
94.2 $1 1123 13.9 425 9.2 
94.2 77 1058 13.7 415 5.4 2.5 
93.9 81 1355 16.7 439 5.4 3.0 
93.1 $4 1177 14.0 
93.1 82 1134 13.9 447 5.5 2.5 
92.4 82 1265 15.5 487 5.9 2.6 
91.8 79 1264 16.0 410 5.2 3.0 
91.0 82 904 11.0 434 5.3 3.2 
90.8 82 1039 12.7 427 5.2 2.4 
90.4 SS 1057 11.0 440 5.0 2.2 
87.6 83 $36 10.1 414 5.0 2.0 
86.5 Sl 754 9.7 403 5.0 1.9 
77.1 82 476 5.8 329 4.0 1.5 
76.4 7 499 6.5 325 4.2 1.3 
72.1 83 390 4.7 295 3.6 1.3 
67.3 SS 344 3.9 267 3.0 1.3 
65.4 Sl 325 4.0 263 3.2 1.25 
65.1 83 315 3.5 254 3.1 1.23 
64.9 82 328 4.0 261 3.2 1.25 
61.1 $1 268 3.3 228 2.8 1.18 
05.7 79 247 3.1 232 3.0 1.03 
42.3 Sl 161 2.0 161 2.0 1.00 
42.2 82 173 | 159 1.95 1.08 
41.5 7 158 2.0 148 1.90 1.05 
39.6 81 167 2.1 156 1.92 1.10 
37.3 83 157 1.9 155 1.87 1.01 
24.6 ~ 88 114 1.3 
22.0 Sl 116 1.4 116 1.40 1.00 
19.7 Sl 117 1.45 117 1.45 1.00 
19.0 Sl 116 1.4 116 1.40 1.00 


& 
3 
2 
4 
3 
2 


749 


© 


J. F. McClendon 


= Saxe Joorjesy = y 


+ 


| 


| | 
e 8s 


| 


| 
& 


OO} 


= 
| 
| 492 
| | 
| 
2 
| 
| 
i | 
Iw 
| 
| | | 
- 43 | 
| 
| 
: | 
\ 
\ 
\ 
\ 
\ 
we \ —19 | 
i 
“a | 
i 
| 
| 


750 Colloidal Properties of Living Cell. II 


value somewhere between 4 and 10 at 100 per cent. Whether 


it would approach the value of 7 laked 1" Table VI is improbable 


as the specific impedance of the cells in Table VI is much less than 
the specific impedance of the blood of 96.8 per cent cell volume in 


Table VII. It seems probable that the blood cells used in Table 


VI were injured by packing and that the ratio 7 laked | of a lower 


100 


90} 


Cell volume percentage 


| 
| ZB 900,090 
J 15 20 25 30 35 40 45 5.0 55 


12. 


value than would have been obtained with blood cells in as good 
condition as those used in Table VII. 

The chloride shift between blood plasma and corpuscles has 
been considerably studied of late, particularly in relation to the 
so called Donnan equilibrium. According to one version of this 
view, there is a higher concentration of protein anions on the 
inside of the cell than in the plasma. The electric charge of these 
anions tends to force the chlorine ions from the corpuscle interior 
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to the plasma; in fact, the concentration of chlorine ions in the 
plasma is double what it is in the corpuscle. The diffusion pres- 
sure of the chlorine ions from the plasma to the corpuscle causes 
the corpuscle interior to be negatively charged in relation to the 
plasma. According to Warburg" a change of pH from 7.2 to 
7.4 causes the corpuscle interior to become 2 millivolts more 
negative (but this change in potential difference according to 
Warburg is associated with a diffusion of hydrogen ions out of the 
corpuscle). This greater negativity of the corpuscle interior would 
drive chlorine ions out of the corpuscle. The amount of this 
chloride shift at equilibrium has been well established but the rate 
of passage of the chloride ions has not been measured. We wish 
to consider whether the electric conductivity of the plasma mem- 
brane is sufficient to allow the shift to go on at a reasonable rate. 
We will make only a very rough calculation that may be 50 per 
cent off since we have no analytical data of the rate to check it 
with, but only know that the shift occurs within reasonable time 
limits. We will assume, roughly, there are 5000 sq. cm. of plasma 
membrane surface in 1 ce. of blood, and a resistance of 0.1 ohm 
per sq. cm. and a potential difference change of 2 millivolts." 
The resistance of the plasma membrane can be calculated roughly 
by taking the value of 675 ohms in the model shown in Fig. 10 
and assuming 5000 plasma membrane layers superimposed in 
1 em. cube of the blood corpuscles. The resistance of one of these 
layers would then be about 0.1 ohm. Assuming a thickness of the 
plasma membrane of the order of magnitude of that calculated 
below the specific resistance of the plasma membrane substance 
would be about the same as serpentine which is a pretty good 
insulator. The resistance of the total plasma membrane surface 


would be 5000 ohms = 0.00002 ohms. Since from Ohm’s law, 
V 

A= R where A is amperes, V volts, and R ohms, we have then 

A= sea = 100. In other word t of 100 i 

= 9.00002 7 . In other words, a current o amperes Is 


carried across the plasma membranes. Since there are a little 
less than 100,000 coulombs (amperes seconds) required to trans- 


44 Warburg, E. J., Biochem. J., 1922, xvi, 329. 
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port 1 mol of monovalent ion, there would be transported approx- 
100 
imately 100,000 
equal to 1 mol per liter per second, which is certainly amply suffi- 
cient to account for all the chloride shift that has been observed." 
Assuming beef corpuscles are 0.0048 mm. in diameter and 0.002 
in thickness, and assuming an average diameter at random arrange- 
ment to be 0.003 mm.,!*° there would be about 3000 corpuscle 
layers in a cube of 1 cm. side, met in passing from one face to the 
opposite face, or about 6000 plasma membrane layers. Since 
the value of the specific capacity according to the diagram in Fig. 
10 is 1500 MMf. (micromicrofarad), the value for one plasma 
membrane layer would be 6000 x 1500 or 9,000,000 MMf. In 
other words, the capacity of a plasma membrane 1 em. sq. would 
be 9,000,000 MMf. Assuming a dielectric constant of 3, which is 
about the same as that of bees wax or cottonseed oil, the thickness 
of the plasma membrane would be approximately 3 X 107° em. 
which would be about 2 or 3 carbon atoms in thickness, if it did 
not contain any polar groups. Since it is probably impregnated 
with some water, the dielectric constant is probably several times 
this value; therefore, it is probably much thicker but still of mo- 
lecular dimensions considering the large molecular weights we have 
to deal with in the structure of cells. Fricke, on the assumption 
of a simpler electric circuit, arrived at a value of 20 to 30 carbon 
atoms in the thickness of the membrane, assuming a dielectric 
constant of 3. It should be pointed out, however, that if the 
plasma membrane acts as a condenser, it is not backed on each 
side by metal plates, but, as emphasized by Burton,'” the metal 
plate is substituted by a layer of excess ions of one sign. There 
would then be an ionic layer on each side of the plasma membrane 
but the distance between the plates would equal twice the value 
of the distance between the middle of the membrane and the 


= 0.001 mol per second in 1 ec. of blood which is 


16 Van Slyke, D. D., Wu, H., and McLean, IF. C., J. Biol. Chem., 1923, 
lvi, 765. Henderson, L. J., Bock, A. V., Field, H., Jr., and Stoddard, J. L., 
J. Biol. Chem., 1924, lix, 379. 

16 The limits are 0.0048 and 0.002. Assuming dielectric constant = 3 
the limits of thickness of plasma membrane are 4.25 X 10~8 and 1.78 X 1078 
em 


17 Burton, E. F., and Currie, J. E., Phil. Mag., 1925, xlix, 194. 
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average distance of this group of ions on one side of the membrane. 
Since the dielectric constant of water is about 80, this water layer 
on the two sides of the plasma membrane does not change the 
value of the capacity of the condenser very much. 

The fact that 1 mol Cl- can pass through the plasma mem- 
branes in 1 liter of blood in 1 second, shows that the high resist- 
ance as measured has nothing to do with the impermeability to Kk 
or Na; z.e., the resistance can be extremely high when the ionic 
exchange is extremely rapid. Of course a change in permeability 
to any ion would alter the conductivity but the conductivity can 
be very low with the permeability rapid enough to obliterate a 
difference in concentration between interior and exterior except 
where it is made unequal by Donnan effect. Therefore, conduc- 
tivity measurements are not adaptable to the determination of 
the degree of permeability of cells but they are often of advantage 
in determining rapid changes in permeability. 


CONCLUSIONS. 


Decade resistances of the Ayrton-Perry type of winding are 
not suitable in a Wheatstone bridge to be used at a frequency of 
1,000,000 cycles per second, but straight resistances can be used. 
A 1000 mm. wire with sliding contact may be used for ratio arms. 
A straight resistance of a platinum film or an electrolytic resistance 
inay be used as a standard. The oscillator circuit should be made 
independent of the bridge circuit and the latter of the detector 
circuit by loose inductive coupling and shielding between primary 
and secondary of the transformers. Each part of the apparatus 
should be enclosed in a separate copper box and the box grounded. 
In order to minimize errors due to distributed capacity, the shields 
should be placed at a distance from the conductors and the whole 
bridge including the spacing of the shielding should be as sym- 
metrical as possible. Currents of only a few millivolts should be 
passed through the bridge and sensitivity should be secured by 
wmplification in the detector circuit when necessary. 

A hematocrit is more effectively speeded up by being placed 
in a vacuum than by the addition of more power. 1 em. cube of 
beef blood cells behaves as an electric circuit consisting of a re- 
sistance of 200 ohms (representing the cell interiors) connected in 
series with two parallel circuits, the first being a condenser of 1500 
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micromicrofarads capacity and the other being a resistance of 
675 ohms. (The capacity of 1500 MMf. represents the capacity 
of the plasma membranes, and the resistance of 675 ohms the re- 
sistance of the plasma membranes.) A single plasma membrane 
1 em. sq. would have a capacity of about 9,000,000 MMf. and 
assuming a dielectric constant of 10, would have a thickness of 
3 xX 10-7 em., or about 20 to 30 carbon atoms in thickness. If 
the thickness of the plasma membrane substance is 3 & 1077 em., 
its specific resistance is 300,000 ohms which is about the value for 
serpentine according to Wiechert. 

Notwithstanding the high resistance of the plasma membrane 
substance, its extreme thinness allows the passage of certain ions 
at a fairly rapid rate. A difference in potential of 2 millivolts 
between corpuscle and plasma might cause a passage of 1 mol Cl 
ions per second through the plasma membranes in 1 liter of 
blood. 

It is therefore unwarranted to conclude impermeability to 
any lon on conductivity evidence alone. 

Evidence is produced to show that the thickness of the electric 
double layer varies inversely as the concentration of the 
electrolytes. 
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Living, colloidal properties 


of surface. (Mce- 
CLENDON) 733 
Cerebrospinal fluid: 
Lactic acid content 
(GLASER) 539 
Chick: 


Leg weakness, and rickets 
(HuGues and Tirrus) 


289 

Cholesterol: 
Absorption bands (ScHLutTz 
and ZIEGLER) 415 
Blood, ether anesthesia 
(MAHLER) 653 
Cutaneous epithelium 


(IccKSTEIN and WILE) 
181 
Cod liver oil: 
Spectroscopic observations. 
II and 
LER) 415 
Colloid: 
Cell, living, colloidal prop- 
erties of surface. II 
(MI cCLENDON) 7393 


763 


Colloidal lead: 

Production (STENSTROM 
and REINHARD) 

607 
Colorimetry : 

Cullen method, hydrogen 
ion concentration, blood 
plasma (BENNETT) 

697 

Cystine estimation, pro- 
teins. Il (Looney) 

519 


Hydrogen ion concentra- 
tion of gastric contents, 
electrometric method, 
comparison (KAHN and 
STOKES) 75 

Tryptophane — estimation, 
proteins. II (LOONEY) 

519 

Tyrosine estimation, pro- 

teins. II (Looney) 
519 
Creatine: 

Light effect on excretion 

1cHELBERGER) 


17 

Creatinine: 
Decomposition, baryta. 
(GAEBLER) 613. 


Light effect on excretion 
(HICHELBERGER) 
17 


Cullen: 

Colorimetric method, hy- 
drogen ion concentra- 
tion, blood plasma 
(BENNETT) G97 

Cysteine: 

-cystine, oxidation-reduc- 
tion, reversible (KEN- 
DALL and Norp) 

295 

Optical activity (ANDREWS) 

209 


764 


Cystine: 

Cysteine-, oxidation-reduc- 
tion, reversible (KEN- 
DALL and Norp) 295 

Diet, deficient, taurine 
availability (Rose and 
HUDDLESTUN) 599 

Protein, colorimetric es- 
timation. II (Loonry) 

519 

Taurine replacement of, in 

diet (Lewis and Lewis) 
589 

Urine, determination (Lr- 

Wis and 
125 
D 


Dextro-l-amino-3-hydroxy bu- 
tane: 

Dextro-1,3-dihydroxy bu- 
tane, conversion 

VENE and HALuer) 
569 
Dextro-1,3-dihydroxy butane: 
Dextro-1l-amino-3-hydroxy 
butane, conversion (LE- 

VENE and HaALuer) 


569 

Diabetes: 
Acidosis, development, 
acid exeretion, effect 


(HENDRIX, Fay, CALVIN, 

and BODANSKY) 
449 
—,-—, base excretion, 
effect Fay, 
CaLvIN, and BODANSKYy) 
449 
Diet: - 
Antirachitie properties, pu- 
rified, vitamin A, ultra- 
violet light (DuTcHER 
and KRUGER) 277 
Cystine-deficient, taurine 
availability (Rose and 
HuDDLESTUN) 599 


Index 


Diet—continued: 
Cystine replacement by 


taurine and 
LEWIs) 589 
I'at, body, composition in- 
fluenced and 
ISBELL) 219 
Growth, rate. I (Os- 

BORNE and MENDEL) 
661 


Milk, blood picture of 
ealves (HurrmMan and 
ROBINSON) 101 

-——, skimmed, powder, repro- 
duction-deficient, types 
of sterility (Surg) 

41 

V (SursB) 

29 


VI (Sure) 41 
VII (Sure) 53 
— -deficient, skimmed milk 

powder, types of steril- 

ity (SURE) 41 
Taurine availability, cys- 
tine-deficient diet (RosE 
and HuppLEestwn) 


Reproduction. 


599 
~— replacement of cystine 

(Lewis and Lewis) 
589 

Disodium phosphate: 

d-Fructose, effect (SPOEHR 
and WILBUR ) 421 
d-Glucose, effect (SPOEHR 
and WILBUR) 421 


E 


Electric: 

Blood, capacity, alternat- 
ing currents, long dura- 
tion and varying fre- 
quency (McCLENDON) 

733 

—, conductivity, alternat- 

ing currents, long dura- 
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Electric—continued: 
tion and varying fre- 
quency (McCLENDON) 


733 
Electrodialysis: 

Blood serum,  (BERN- 
HARDand BEAVER) 

113 
Enzyme: 

Urease, crystallization 
(SUMNER) 435 

—, isolation (SUMNER) 

435 
Epithelium : 

Cutaneous, cholesterol con- 
tent (EcKsTEIN and 
WILE) 18] 

~-, phospholipid content 
(EcKsTEIN and WILE) 

181 
Equilibrium: 

Acid-base, blood, alcohol, 
effect (Lamson and 
WING) 349 


—,--, carbon tetrachlor- 
ide, effect (LAMSON and 


WING) 349 

— hemorrhage 

(BENNETT) 675 
Ether: 


Anesthesia, blood choles- 
terol (MAHLER) 

653 
Excretion: 

Acids, acidosis, develop- 
ment in diabetes (HEN- 
DRIX, Fay, CALVIN, and 
BODANSKY) 449 

Bases, acidosis, develop- 
ment in diabetes (HEN- 
DRIX, Fay, CALVIN, and 


BODANSKY) 449 

Creatine, light effect 
(eIcHELBERGER) 

17 

Creatinine, light effect 


ICHELBERGER) 17 


F 


Falling drop method: 

Specific gravity determina- 
tion (BarBoUR- and 
HAMILTON) 625 

Fat: 

Body, composition,  in- 
fluenced by ration 
and 

219 

—, effect of food fat (Luis 
and ISBELL) 239 

-—, fatty acids, individual, 
separation (EuLuis and 
ISBELL) 239 

Iood, effect on body fat 
and 


239 
Fatty acids: 

Body fat, individual, sep- 
aration and 
ISBELL) 239 

Fertility: 


Fruit oils, réle (Sure) 


Vegetable oils, réle (Sure) 
29 
Food: 
Fat, effect on body fat 
and 


239 

Fructose: 
Estimation (CAMPBELL 
and HANNA) 703 


Invertase action, retarda- 
tion (NELSON and 
ANDERSON) 443 

d-Fructose: 

Disodium phosphate, effect 
(Spornr and WILBUR) 

421 
Fruit oil: | 
Fertility, réle (Sure) 


Lactation, rdle (SuRE) 


| 
| 

| 
| 
| 

| 

| 29 

29 
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G 


Gastric contents: 
Hydrogen ion concentra- 
tion, electrometric and 


colorimetric methods 
(KaHN and  SroKgs) 
75 

Glucose: 


Estimation in presence of 
phosphate buffers (Vis- 
SCHER) 1 

Insulin and muscle, in v7- 
tro, effect (HArRRIs, 
LASKER, and RINGER) 

713 

Invertase action, retar- 
dation (NELSON and 
ANDERSON) 443 

Level, regulation in body, 
and optimum hydrogen 
ion concentration for 


glycogenase action (VIs- 
SCHER) 3 
Methylated, oxidation 
(SOBOTKA ) 267 
Muscle and insulin, zn 
tro, effect (Harris, 
LASKER, and 
713 


d-Glucose: 

Disodium phosphate, effect 

and 
42] 
Glutathione: 

Oxidized, oxidation-reduc- 
tion, reversible 
DALL and Norp) 

295 

Reduced, oxidation-reduc- 
tion, reversible (IXEN- 
DALL and Norp) 

295 
Glycogenase: 

Hydrogen ion concentra- 
tion, optimum, for ac- 
tion (VISSCHER) 3 


Index 


8,d-Glycuronic acid monoben- 
zoate: 
(Benzoyl glycuronic acid) 
preparation (Quick) 


549 
Glycyl-glycine: 

Metabolism, respiratory, 
influence (PLUMMER, 
Deve, and Lusk) 

339 
Growth: 


Diet, relation to rate. I 
(OSBORNE and MENDEL) 


| 661 
Growth-promoting sub- 
stances, water-soluble, 
and antineuritic, dif- 
ferentiation (HAUGE and 
CARRICK) 403 
H 
Hederagenin methyl ester: 
Oxidation (JacosBs and 
GUSTUS) 641 
Hemocyanin: 


Bloods containing, carbon 
dioxide transport (ReEp- 


FIELD, COOLIDGE, and 

THurp) 475 

— -—-, oxygen transport 

(REDFIELD, COOLIDGE, 

and Hurp) A4T5 

Hemorrhage: 

Acid-base equilibrium, 
blood (BENNETT) 

675 


Hippuric acid: 
Determination (GRIFFITH) 
1 


Synthesis (GRIFFITH) 


197 

Hormone: 
Ovarian, chemical proper- 
ties (Rais, JORDAN, 
and Dotsy) 
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Hormone—continued: Invertase: 
Ovarian, extraction (RALLS Fructose retardation of 
JORDAN, and Dotsy) action (NELSON and 
307 ANDERSON) 443 
Hydrogen: Glucose retardation of 
Ion concentration, blood action (NELSON and 
plasma (BENNETT) ANDERSON) 443 

Ion: 

— —, — —, Cullen colori- Hydrogen, concentration, 
metric method (BEN- Cullen colorimetric 
NETT) 697 method, blood plasma 
— —,-— serum (BENNETT) (BENNETT) 697 
693 —,-—, gastric contents, 
— —, gastric contents, electrometric and colori- 


electrometric and colori- 
metric methods (KAHN 
and STOKES) 75 
—-—, optimum for gly- 
cogenase action (VIs- 
SCHER) 3 
2-Hydroxy acids: 
(LEVENE and 
165 
II (LEVENE and HALLER) 
569 
3-Hydroxy acids: 
(LEVENE and HALLER) 
165 
II and HALueEr) 
569 
4-Hydroxy acids: 
(LEVENE and HA.Luer) 
165 
II (Levene and 
569 


I 


Insulin: 
Glucose, muscle, effect zn 
vitro (HARRIS, LASKER, 
and RINGER) 713 
Muscle, glucose, effect in 
vitro LASKER, 


and RINGER) 713 
Inulin: 

Estimation (CAMPBELL 

and HANNA) 703 


metric methods (KAHN 
and SToKEs) 75 
—,-—, optimum for gly- 
cogenase action (VIs- 


SCHER) 
—, —-, plasma, blood (BEN- 
NETT) 
—, —, serum, blood (BEN- 
NETT) 693 
K 
Ketosis: 
Pregnancy (Harpine and 
ALLIN) 133 
L 
Lactation: 


Fruit oils, réle (Sure) 
Vegetable oils, réle (SuRE) 
29 
Wheat oil, unsaponifiable 
matter, lactation-pro- 
moting factor (SuRE) 


Lactic acid: 
Cerebrospinal fluid (Gua- 


SER) 539 

Lead: 
Colloidal, production 
(STENSTROM and ReEIN- 
HARD) 607 


| 
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Leg weakness: 


Chicks (HtGHes 
Titus) 289 
Light: 

Basal metabolism, effect 
(EICHELBERGER) 

17 

Creatine excretion, effect 
(KicHELBERGER) 

17 

Creatinine excretion, effect 
(EICHELBERGER) 

17 

Ultra-violet, antirachitic 

properties of purified 


rations, vitamin A 
and 
277 

M 


Metabolism: 
Amytal influence (DEUEL, 
CHAMBERS, and MILHo- 


RAT) 249 
Basal, light effect (E1cHEL- 
BERGER) 17 
Phosphate, anesthesia 
(BOLLIGER) 721 


Respiratory, glycyl-glycine 
(PLUMMER, DeEvUEL, and 


Lusk) 339 

Sulfur. \ (Lewis — and 

WILSON ) 125 

—, XI (Lewis and 

LEwIs) 589 
Methemoglobin: 


Oxygen content (CONANT 


and Scorr) 575 | 


Milk: 

Diet, blood 
ealves and 
ROBINSON ) 101 

Skimmed, powder, repro- 
duction-deficient diet, 
types of sterility (SURE) 

4] 


picture of 


Muscle: 
Glucose, insulin, effect zn 
vitro (HaRRIs, LASKER, 
and RINGER) 713 


Insulin, glucose, effect in 
vitro (Harris, LAsKER, 
and RINGER) 713 


N 


Nutrition: 
Wheat bran proteins 
(Murpny and Jongs) 
85 


O 


Oil: 
7 liver. See Cod liver 
oil. 
Fruit. See Fruit oil. 
Vegetable. See Vegetable 


oil. 
Wheat. See Wheat oil. 


Orange juice: 
Vitamin C, preservation 
(HUMPHREY) 511 


Organism: 
Animal, benzoylated amino 
acids. III (Grirrirny) 
197 


Ovary: 
Hormone, chemical prop- 
erties (RaALLs, JORDAN, 
and Dotsy) 397 
-, extraction Jor- 
DAN, and Dorsy) 


Oxidation: 
Hederagenin methyl ester 
(Jacosps and Gustws) 


H41 
Methylated glucoses (So- 
BOTKA) 267 


asa 


| 
| a 
| 
j 
| 
| 
| 
| 
| 
| 
' 
| 
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Oxidation—continued: 
Oxidation-reduction, —re- 
versible, cysteine-cystine 
(KENDALL and Norp) 


295 
—,—, glutathione, re- 
duced and oxidized 
(KENDALL and Norp) 
295 

Oxygen: 
Determination, calorime- 


ter (McCLENDOoN, 
PHREY, and Loucks) 


513 
Methemoglobin, content 
(CONANT and Scorr) 

575 


Transport, bloods contain- 
ing hemocyanin (Rep- 
FIELD, CooLipGE, and 
Hurp) 475 


Pp 


Pentamethyl glucose: 
Dimethyl acetal (LEVENE 
and Mryer) 175 
Phosphate: 
Buffers, glucose estimation 
in presence (VISSCHER) 


1 
Metabolism, anesthesia 
(BOLLIGER) 721 

Phospholipid: 
Cutaneous epithelium 
(IcKSTEIN and WILE) 
181 

Plasma: 


Blood, hydrogen ion con- 
centration (BENNETT) 


693 

—,— ——, Cullen colori- 

metric method (BEN- 

NETT) 
Pork: 

Soft, studies. II 


and ISBELL) 219 


769 


Pork—continued: 


Soft, studies. III (Euuis 


and IsBELL) 239 
Pregnancy: 

Ketosis and 

ALLIN ) 133 
Protein(s) : 

Cystine, colorimetric es- 

timation. II (Looney) 

519 

Spinal fluid, determination 

(LING) 397 

typhus fever, in- 

crease (LING) 397 


Tryptophane, colorimetric 
estimation. II (Loonry) 
519 

Tyrosine, colorimetric es- 


timation. II (Loonry) 

Wheat bran. III (Muvr- 
and JONEs) 

85 


— nutritive properties 
(Munpny and Jones) 
SO 


R 


Reduction: 

Oxidation-reduction, rever- 
sible, cysteine-cystine 
(KeNDALL and Norp) 

295 

glutathione, re- 
duced and oxidized 
(KENDALL and Norp) 

295) 
Reproduction: 

Diet, deticient, skimmed 
milk powder, types of 
sterility (SURE) 

4] 

Dietary requirements. VY 
(SURE) 29 

—-—, VI (SuRE) 


4] 


: | 
| 
| 
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Reproduction—continued: 

Dietary requirements. VII 
(SuRE) 53 

Respiration: 

Apparatus, small animals 
(Foster Svunp- 
STROEM) 565 

Metabolism, glycyl-glycine 
(PLUMMER, DEUEL, and 
Lusk) 339 

Rickets: 

Leg weakness, chicks 

(HuGues and Tirvus) 
289 

Ultra-violet light, antira- 
chitie properties of puri- 
fied rations, vitemin A 
(DuTcHER and KRUGER) 


277 

Saponins: 
IV (Jacoss and Gustus) 
641 

Serum: 

Blood, electrodialysis 
(BERNHARD and 
BEAVER) 113 


—, hydrogen ion concen- 
tration (BENNETT) 
693 
Skin: 
See Epithelium. 
Specific gravity: 
Falling drop method (Bar- 
BouR and HamILTon) 


625 

Spinal fluid: 
Protein, determination 
(LING) 397 
—, typhus fever, increase 
(LING) 397 

Sterility : 

Diet, skimmed milk 
powder reproduction-de- 
ficient (SURE) 41 


Stomach: 

Hydrogen ion concentra- 
tion of gastric contents, 
electrometric and colori- 
metric methods (KAHN 


and STOKEs) 75 
Strophanthin : 
X (Jacosps and  HOorr- 
MANN) 153 
Kombe (JaAcoBS and 
HOFFMANN) 153 


K-Strophanthin-;: 
(JacoBs and HorrMaNnn) 


153 
Sucrose: 
Estimation (CAMPBELL 
and Hanna) 703 
Sug 


ar: 
Blood. II (Bock, 
DER, and GILBERT) 


—, Benedict method, new 


(Rockwoop) 187 
Sulfur: 
Metabolism. X (Lewis 
and WILson) 125 
— Xl (Lewis and 
Lewis) E89 
T 
Taurine: 
Cystine-deficient diet, 
availability (Rose and 
HuUDDLESTUN) 509 


Cystine replacement by, in 
diet (Lewis and Lewis) 

589 

Tryptophane: 
Protein, 

timation. 


colorimetric es- 
II (Looney) 
519 

Typhus fever: 
Spinal fluid, protein in- 
erease (LING) 397 


| 


Subjects 


Tyrosine: 
Protein, 
timation. 


colorimetric es- 
II (Loonry) 
519 


U 


Urease: 
Enzyme, 
(SUMNER) 
—, isolation (SUMNER) 
435 


crystallization 
435 


Urine: 
Ammonia, origin. 
(RABINOWITCH) 


Ii! 


283 
Cystine determination 
(Lewis and WILsoN) 


12: 


~ 


V 


Vegetable oil: | 
Fertility, rdle (Sure) 
29 
role (SuRE) 


Lactation, 


Vitamin(s): 
XIV (Durcuer and Krv- 
GER) 2707 
A, antirachitie properties 
of purified rations, ultra- 


771 


Vitamin(s)—continued: 
violet light (DurTrcuer 
and KRUGER) 277 
Antineuritie (HAvGE and 
CARRICK) 403 
C, preservation in orange 
juice (IlUMPHREY) 


Growth-promoting, water- 
soluble (HavuGe and 
(ARRICK) 403 
Water-soluble growth-pro- 
moting (Hauce and 
("A RRICK) 403 

Vomiting: 
Ammonia elimination 
(BenepicrT and Nasn) 
38 1 

W 
Wheat: 

Bran, proteins. Ill 
(Murpuy and JONEs) 
SO 


—,--, nutritive properties 
(Murpuy and JONEs) 
85 

Wheat oil: 
Lactation-promoting fac- 
tor, unsaponifiable mat- 
ter (SURE) 53 


| 
| 
| 
29 | 
| 
| 
| 
| 


